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ABSTRACT
Burdern of Chronic Health Conditions and Healthcare Utilization among Mobile
Populations in Sub-Saharan Africa
By
Elizabeth Ortiz
Background: Much of public health research in sub-Saharan Africa on mobile occupations, such
as truck drivers and sex workers, has focused on HIV risk. However, evidence is emerging to
suggest that the HIV epidemic among these groups is coupled with a high prevalence of chronic
health conditions (CHC), specifically hypertension, diabetes, and obesity. For people living with
HIV, increased risk of CHC may also be linked to HIV-related chronic inflammatory cascade. In
Africa, there has been little research on CHC risk factors or patterns of healthcare utilization among
mobile populations. Therefore, the objectives of this study are to examine the burden of CHC
(hypertension and overweight status) among those in mobile groups, assess the relationship
between HIV testing and screening of CHC (hypertension and diabetes), and investigate patterns
of healthcare utilization in a cross-country network of clinics using electronic health records.
Methods: We used data from the electronic health record (EHR) system of the North Star Alliance,
a non-governmental organization that runs a network of clinics in Eastern and Southern Africa. In
Aim 1, we estimated prevalence ratios (PR) for hypertension (n=86,904) and overweight status
(n=62,048) comparing truckers, sex workers and community residents and assessed joint effects
with HIV status. Aim 2 (n=355,904) examined if HIV testing services were associated with
screening for CHC (hypertension and diabetes). In our final study (Aim 3), we compared service
utilization among mobile and non-mobile groups (n=267,425), specifically examining number of
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clinics visits (Incident Risk Ratio (IRR)), and estimating the PR for visiting multiple clinics, and
clinics in different countries, and then examined joint effects including HIV status.
Results: In Aim 1, truckers had an increased probability of hypertension and overweight status
relative to community residents. HIV-positive community residents had a lower probability of
hypertension and overweight compared to HIV-negative community residents. HIV-negative
truckers had a higher prevalence of hypertension and overweight and all sex workers, regardless
of HIV status, had a lower prevalence of hypertension. Patients that were tested for HIV were less
likely to have been screened for CHC than those who were not tested (Aim 2). Finally, in Aim 3,
the number of clinic visits (IRR) was comparable among all groups, and population mobility was
positively associated with use of services in multiple clinics, and mobile populations and
community residents that were HIV-positive were more likely to use cross-country services.
Discussion: Findings suggest that mobile populations have a higher burden of CHC compared to
non-mobile groups and HIV-negative truck drivers were more likely to have been diagnosed with
CHC than all other population and HIV status groups. We found that screening for CHC was less
likely among patients that were HIV tested, suggesting that HIV prevention and other healthcare
services are still siloed. Mobile groups and community residents that were HIV-positive were also
more likely to leverage services at multiple clinics and in different countries. Future research
should explore specific work-related activities that impact the development of chronic health
conditions in the context of HIV in Africa, and the potential to integrate HIV prevention services
with screening for CHC. Further research is also needed to understand why HIV-positive
community residents seek care in different clinics and countries, and how mobility or HIV-related
stigma may shape health seeking behavior.
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CHAPTER 1
Introduction
OVERVIEW
Much of public health research on mobile populations in sub-Saharan Africa has focused
on human immunodeficiency virus (HIV). Numerous studies have documented the high rates of
HIV among truck drivers, who are mobile due to their occupation, and sex workers, many of whom
migrate long-term or temporarily to other locations to work.1-4 However, evidence is emerging to
suggest that the HIV epidemic in the region and among mobile groups is coupled with a high
prevalence of chronic disease and associated risk factors, specifically hypertension,5-8 diabetes,911

and obesity.11,12 In sub-Saharan Africa, almost half (46%) of the population is estimated to

have hypertension.13 Between 1980 and 2014, the diabetes prevalence in the region increased from
3.1% to 7.1%, with an estimated 25 million adults living with diabetes.14 Being overweight or
obese is the strongest predictor of diabetes,15 and nearly all countries in sub-Saharan Africa have
seen an increase in levels of obesity and overweight over the past three decades.16 Researchers
attribute the rise of chronic health conditions to multi-level factors including economic
development, urbanization, and population mobility that have prompted dietary changes,16 and
impacted physical activity, livelihoods, and occupations.15,17,18 The increase in chronic health
conditions in sub-Saharan Africa may also be linked to the HIV epidemic.19-21 People living with
HIV (PLWHIV) are at greater risk of multiple morbidities (multiple chronic conditions) attributed
to the HIV chronic inflammatory cascade.22 Although anti-retroviral therapy (ART) can decrease
the effects of chronic inflammation, HIV treatment and care remains a challenge in many parts of
sub-Saharan Africa,23 and particularly for mobile groups.24 As more PLWHIV engage in care, and
1

the population ages,25 they also face the challenges of HIV co-morbidities. Thus, examining the
burden of chronic health conditions among mobile groups in the context of HIV risk is a public
health priority.
Chronic health conditions among occupational groups
Although research on occupational health in sub-Saharan Africa is limited, particularly in
regard to truck drivers and sex workers, research in developed countries suggests that work
conditions, such as shift work, sleep disruption and lack of physical activity, increases
cardiovascular risk. 9,10,26-30 For example, one cohort study followed transport workers for 12 years
and compared their risk of coronary health disease (CHD) with other occupational groups.
Transport workers had a CHD incidence of 18.4%, compared to 6.4% among men in other
occupations.26 Several other studies have shown that occupational stress, sleep deprivation,
sedentary work, and exposure to diesel fumes increase risk of cardiovascular disease,29 diabetes,31
and other health conditions among truck drivers.27 A study in South Africa found that truck drivers
often worked long hours, had a sedentary lifestyle, and suffered from sleep deprivation,32 risk
factors which have been linked to diabetes.31 Night shift work has also been linked to disruption
of the circadian rhythm, leading to elevated rates of metabolic syndrome28 and diabetes.10 The
Black Women’s Health Study followed a cohort of African-American women in the US and found
a significant association between night shift work and incidence of diabetes: those with the longest
duration of night shift (≥10 years working the night shift) had a 23% increased incidence of
diabetes compared to those who had never worked the night shift.10
Work conditions for sex workers also suggest they are exposed to many of the same risk
factors as truck drivers such as sleep disruption10 and long periods away from home33 as well as
other occupational hazards associated with sex work, including intimate partner violence34 and
2

alcohol and substance use.35 These risk factors are known to increase risk of developing chronic
health conditions.29,36 While there are many studies that have examined the HIV risk of both truck
drivers2,37 and sex workers38,39 in the region, there is little research on non-HIV conditions among
these groups.
HIV and population mobility
Sub-Saharan Africa has the highest burden of HIV in the world,40 and mobile populations
are among the groups most impacted by the epidemic.41 Short- or long-term separation of families
means that mobile populations and their partners who remain at home are more likely to engage
in sexual relations with other partners,2,42,43 increasing the HIV vulnerability of mobile groups,
their families, and communities that are part of their sexual network.44 The HIV prevalence among
truck drivers ranged from 15% in Mozambique2 to 26% in South Africa.37 HIV also affects sex
workers at alarming rates in Africa and studies reported the prevalence of HIV ranges from 3031% among sex workers in Nairobi, Kenya

38

and Maputo, Mozambique, 4 respectively, to 37%

among sex workers in Kampala, Uganda. 3
Access to cross-border health services
HIV research has drawn attention to poor health care access and use of services among
mobile groups, which may also limit their ability to engage in early interventions for chronic health
conditions.45,46 A study among truck drivers in Mozambique found that only about one-quarter
(26.7%) received medical care in the past year.47 Truck drivers in Kenya prioritized accessibility
of services and thus preferred private clinics along the main transport corridor because they could
not leave their trucks to seek services away from the road, and the queue at the public clinics were
much longer.33 Another study in Kenya suggests that some truckers did not seek care on a regular
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basis out of fear that other clinic users would notice that they were regularly seeking services at
the clinic, and assume they are HIV-positive.48
Sex workers face similar challenges to truck drivers in seeking care, though they also
confront barriers related to their occupation. Studies from Kenya33 and South Africa49 describe
how sex workers perceived discrimination by health providers and clinic staff, and how this
influenced their decision to seek services. Sex workers also discussed long wait times at public
clinics, and concerns about privacy and confidentiality at health facilities.33,49 Particularly for sex
workers in an international cross-border setting, client eligibility to use services was prohibitive.50
A study among sex workers in South Africa in 2012 found that cross-border migrants had lower
service utilization than non-migrants (Odds Ratio (OR)=0.59, 95% Confidence Interval (CI)=
0.40–0.86).34 In another study conducted with sex workers in Nairobi, Kenya, only 55 % of
migrant sex workers had ever used health facility HIV testing services compared to 78 % nonmigrant sex workers.51 Researchers hypothesize that lower levels of contact with the health
services among migrant sex workers may be due to fear of being detained (for undocumented
migrants) and discrimination at public health clinics.34
Health research among mobile populations has highlighted that eligibility to use services,
confidentiality, quality of care, cost and migration status are important factors contributing to
service utilization among mobile populations.52 Both mobile and non-mobile populations may also
seek services at multiple clinics and across borders because of concerns about quality of care,
confidentiality,52,53 and fear of stigmatization related to HIV services, and for those in mobile
groups, stigma associated with their occupation or migration status.34,54
Integration of services for HIV and chronic health conditions
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While the response to the HIV epidemic in sub-Saharan Africa has galvanized support for
HIV prevention, care, and treatment, some advocates and researchers argue that efforts to scaleup HIV services have detracted from non-HIV health services,55,56 and that the rise in chronic
disease in the region has been exacerbated by inadequate primary care services.57 Population-based
interventions for people with chronic diseases, and early interventions for those who are at-risk,
could potentially curb the chronic disease epidemic, and prevent excess morbidity and mortality.58
Thus, there is a growing public health imperative to build on HIV programming and research to
address the chronic disease epidemic in sub-Saharan Africa.59,60
Researchers have begun to examine the relationship between chronic health conditions and
HIV.60-62 In South Africa, several studies found that engagement in HIV care was associated with
management of chronic disease.63,64 A recent study from 2019 found that PLWHIV who were
virally suppressed were more likely to be aware of and treated for hypertension compared to HIVnegative patients (Risk Ratio (RR)= 1.18, 95% CI=1.09 to 1.28, and RR=1.24, 95% CI=1.10 to
1.41, respectively).64 Similarly, in an earlier study also from South Africa, researchers found that
patients on ART had a greater odds of being screened for hypertension and diabetes than HIVnegative patients or HIV-positive patients that were not ART (OR= 1.27, 95% CI=1.04–1.55, and
OR=1.26, 95% CI=1.05–1.51).63 Both studies point to potential advantages to HIV care for
screening and management of chronic health conditions that could extend to people who are HIVnegative through HIV prevention services.59,65 A review published in 2018 synthesized the existing
literature on combined health promotion for prevention of HIV and non-communicable disease.
Though the study discussed successes of several multi-disease screening campaigns, the authors
cited a lack of quantifiable evidence and a small number of studies as key limitaitons. 59 Thus,
there is a need for research to identify groups at high risk of chronic health conditions that would
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potentially benefit from targeted interventions, and to examine both access to and uptake of
services.
Public health implications
Work conditions in the transport sector that impact truck drivers as well as other sex
workers, combined with high rates of HIV-infection and late ART initiation,23 and limited access
to health care services suggest that there may be a concurrent epidemic of chronic health conditions
in these groups that should be investigated. Although research on chronic health conditions in subSaharan Africa is growing, and there is an abundance of research on HIV risk and care, little is
known about chronic health conditions and health-seeking behaviors among mobile populations
that are at high risk of HIV-infection. Therefore, the present dissertation addresses these gaps in
the scientific literature through the following three aims and hypotheses:
Aim 1. Examine if mobile populations (truckers and sex workers) compared to non-mobile
populations (community residents) differ on prevalence of chronic health conditions
(hypertension and overweight status) and assess if the association between population group
and chronic health conditions is modified by HIV status.
Hypothesis 1. Mobile populations have a higher prevalence of chronic health conditions
compared to non-mobile populations, with the highest prevalence observed among mobile
populations who are HIV-positive.
Aim 2. Determine if use of HIV testing services is associated with screening for chronic health
conditions (hypertension and diabetes) and assess if the association between HIV testing and
screening for chronic health conditions is modified by region where patient received services.
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Hypothesis 2. Receipt of HIV testing services will be associated with increased screening for
chronic health conditions, suggesting that broader integration of assessments for chronic health
conditions is feasible in this clinic population.
Aim 3. Assess use of cross-site healthcare services (frequency of clinic visits, visited multiple
clinics overall, and clinics in different countries) for mobile and non-mobile groups and
determine if this association between is modified by HIV status.
Hypothesis 3. Mobile populations have greater use of cross-site healthcare services compared to
non-mobile groups, with greater use observed among mobile populations who are HIVpositive.
The proposed research is innovative in its ability to examine the burden of chronic health
conditions and healthcare utilization among mobile and non-mobile populations using data from
the electronic health record (EHR) system of an international network of roadside wellness clinics
in Southern and Eastern Africa. By conducting this study within an international clinic system, the
findings have the potential to improve the continuum of care for mobile and non-mobile
populations.
METHODS
North Star Alliance is a non-governmental organization (NGO) that runs a network of
roadside wellness clinics along the main transport corridors in sub-Saharan Africa that offer health
services to mobile populations and communities that live around the transport hubs. Although
clinics vary in their diagnostic and treatment capacity, all clinics provide HIV testing and
counseling services, and collect basic clinical measures, including blood pressure, and weight and
height. The network initially focused providing HIV testing and prevention services among
7

truckers,. In recent years they have expanded services to reach sex workers and community
residents, andinclude treatment and on-going care for other acute and chronic conditions such as
tuberculosis, malaria, and increasingly, chronic diseases and associated risk factors.
All clinics in the network are connected through a single EHR system that is internetaccessible, allowing clinicians and staff to look up patent medical history throughout the network.
Patients are initially assigned a unique identification number in the system to link patient records
across sites. Clinical records include demographic characteristics as well as information about
service delivery and referrals. The North Star Alliance EHR system is singular in that it tracks
health information for patients seeking services across regions and national boundaries.
We partnered with North Star Alliance and used data extracts from their EHR system to
address all three study aims. The studies included all patients registered in the North Star Alliance
EHR for 46 clinics in 12 countries (Kenya, South Africa, Swaziland, Tanzania, Zimbabwe,
Botswana, the Democratic Republic of Congo, the Gambia, Malawi, Mozambique, Uganda, and
Zambia) from 2013 to 2016. Eligibility criteria for inclusion included: (1) defined population
group (truck driver, sex worker, and local community members), (2) a minimum of one visit during
the observation period from 2013 to 2016, and (3) patients are at least 18 years old at the beginning
of the observation period. North Star Alliance Data Managers extracted records for all patients
that met the eligibility criterion and shared a de-identified dataset with researchers.
For Aim 1, we describe the prevalence of chronic health conditions (hypertension and
overweight status) by population group (truckers, sex workers, and community members) and HIV
status and other covariates. Chi square tests were used to examine differences for categorical
variables, and Wilcox Rank Sum tests were used to look at the differences by age. We fit crude
log-binomial models to examine the association between mobility status and having a chronic
8

health condition, and then multivariable models that sequentially added demographic
characteristics, and then region. Our final joint effect adjusted model assessed the combined effect
of population mobility and HIV status.66,67
We examined the integration of HIV testing services and screening for chronic health
conditions (hypertension and diabetes) in Aim 2. First, we describe the prevalence of screening for
chronic health conditions overall and examine differences by the receipt of HIV testing as well as
other covariates. Chi square tests were conducted to assess the differences for categorical variables
and Wilcoxon Rank Sum tests were used for age. Crude and adjusted log-binomial models were
applied to test whether receiving an HIV test was associated with screening for chronic health
conditions. All independent variables of interest were included in the final model to examine
adjusted associations and potential confounders.
For Aim 3, we followed patients over a two-year period from 2015 to 2016 to ascertain
cross-site healthcare utilization. We initially conducted Chi square tests to assess the differences
in service utilization in multiple clinics, and separately, in different countries by categorical
variables. Wilcoxon Rank Sum tests were applied to look at age differences. To assess the
frequency of clinic visits, we used crude negative binomial regression to examine the effect of
population mobility and HIV status on the number of clinic visits followed by multivariable
negative binomial regression models with relevant covariates to look at adjusted associations. To
examine cross-site services utilization, we fit crude and adjusted log-binomial models to assess the
association between population mobility and multiple site service utilization and used this same
approach to examine services utilization in different countries. As described in aim 1, we applied
joint effect models for analyses in aim 3 to examine the combined effect of population mobility
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and HIV status on healthcare utilization. Statistical significance for aims 1-3 were based on a twosided p-value <0.05 for all analyses.
RESEARCH IMPLICATIONS
Findings from our research have important implications for public health research and
practice. First, our studies demonstrate the importance of occupational mobility as a determinant
of health status and service utilization in sub-Saharan Africa, and potentially. Although we were
not able to ascertain other forms of mobility that were not related truck driving sex work, the study
suggest other types of population movement may shape health and use of services. Second, our
assessment of the integration of HIV testing and screening services shines a light on opportunities
to increase screening and management of chronic health conditions. With the expansion of
biomedical HIV prevention services in the region, including the provision of HIV testing,
treatment, and pre- and post-exposure HIV prophylaxis, integration of HIV and primary health
care services will be key in addressing the growing chronic disease epidemic. Our findings also
suggest the potential to train lay health workers (non-clinic staff and HIV testing counselors) to
conduct screening and risk assessments for chronic health conditions to optimize clinic workflow.
The final study shows the potential to adopt a ‘health passport’ model of service delivery, tailored
to truck drivers and sex workers, to support cross-country service utilization, and facilitate ongoing care for patients with HIV and other chronic conditions.68-70 Our research also demonstrates
the potential for an integrated EHR to improve coordination and population health surveillance
across regions and national borders.71 Finally, in addition to the research and practice implications,
we identified important policy considerations for funders and implementing partners. The
challenges we encountered in operationalizing this research and leveraging EHR data for
meaningful use were related to data governance and donor reporting priorities. The burden of data
10

reporting was largely driven by data requirements imposed by funding agencies, which may or
may not be aligned across donors. Our findings underscore a need for equitable global health
partnerships and data harmonization across funding mechanisms to improve service delivery and
data quality.
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CHAPTER 2
Prevalence of chronic health conditions among mobile populations at-risk of HIV in subSaharan Africa
INTRODUCTION
Over the past decade, there has been a surge in research on non-communicable diseases in
sub-Saharan Africa in the context of extremely high levels of human immunodeficiency viruses
(HIV).1-4 Some research suggests that alarming rates of HIV in the region may have obscured a
growing chronic disease epidemic. Chronic diseases account for 14% of all causes of death in
Africa, and surveillance studies suggest a high prevalence of cardiovascular disease5 and related
risk factors, including hypertension and obesity.6 A region-wide study found that almost half
(46%) of the adult population in sub-Saharan Africa was estimated to have hypertension in 2008.7
Although Africa continues to have high rates of wasting, stunting, and undernutrition,8 there has
also been a substantial increase in the prevalence of overweight and obesity.9 A study examining
trends in obesity across 24 countries in Africa found that the prevalence increased in all countries
from 1991 to 2014. In 18 of the 24 countries, one in five individuals was overweight, and four of
the countries had an obesity prevalence above 20%,10 coming close to the 30% prevalence
experienced in the United States.11 This emerging research points to a dual burden of malnutrition
and obesity that characterizes many parts of Africa, particularly urban areas.12 Researchers
hypothesize that the rise in chronic disease is attributed to economic development, urbanization,
and migration and population movement that have prompted changes in dietary patterns, physical
activity, and other factors that influence cardiovascular health.13-15
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There is a pressing need to examine the dual burden of HIV and chronic health conditions
in underserved mobile populations at high risk for HIV infection, such as truck drivers, who are
mobile because of their occupation, and sex workers, who often migrate long-term or temporarily
for their work. Earlier studies in Kenya16 and South Africa17 indicate that the HIV prevalence
among truck drivers ranges from 18% to 26%. The structure of work in the transport sector, which
makes them more vulnerable to HIV (i.e., long periods of time on the road and away from home),
also shape behaviors that are associated with chronic health conditions.18 A study among truck
drivers in South Africa found that drivers often worked long hours, had a sedentary lifestyle, and
suffered from sleep deprivation.19 Night shift work has been linked to disruption of the circadian
rhythm, leading to elevated rates of metabolic syndrome20 and diabetes.21
HIV also affects sex workers – another underserved migrant and mobile population— at
alarming rates in Africa.22 A study conducted between 2008 to 2009 found the HIV prevalence
among sex workers in Nairobi, Kenya was 26%.23 Among sex workers in Soweto, South Africa,
the estimated HIV prevalence was 54% in 2016.24 Sex workers have several of the same risk
factors as truck drivers, such as long periods away from home25 and sleep disruption,21 thus also
placing them at increased risk of chronic health conditions.26,27
While research about HIV infection among truck drivers and sex workers in Africa is
robust, information about chronic health conditions in these mobile groups is limited. Determining
the prevalence of chronic health conditions among truck drivers and sex workers is
methodologically challenging because they are constantly moving and may not be included in
traditional disease surveillance (i.e., household surveys and disease registries).28 One strategy that
researchers in the U.S. are increasingly using to monitor chronic health conditions, especially
among hard-to-reach populations and groups that may be engaged in long-term care, is leveraging
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data from electronic health records (EHR).29 Although clinic-based records are generally intended
to report acute conditions and often lack key information to monitor behaviors associated with
chronic health conditions (e.g., diet, smoking, physical activity), EHR usually capture a large study
population and can be used to monitor trends over time.30 In Africa, few studies have used EHR
data to examine how occupation is associated with chronic health conditions. Thus, the use of EHR
systems may provide new insight, not just on under-studied conditions in the region, but also on
groups that have been difficult to monitor through other population measures.
In the present study, we described and compared the burden of chronic health conditions,
specifically, overweight status and hypertension, among truckers, sex workers and less-mobile
residents of roadside communities in sub-Saharan Africa using EHR from an international network
of clinics in Africa. Specifically, we aimed to determine if truckers and sex workers had a higher
prevalence of chronic health conditions than community residents. We also assessed if HIV status
was related to the burden of chronic health conditions overall and differentially by population
group.
METHODS
Data Source
The data for this study are drawn from the EHR system of the North Star Alliance, a
network of roadside wellness clinics along the main transport corridors in East and Southern Africa
that offer health services to truckers, sex workers, and community residents who live around the
transport hubs where clinics are located. The clinics are open in the afternoon and evening to make
them accessible to both mobile and non-mobile populations. The network was established in 2006
to provide HIV prevention services to groups at high risk of HIV infection, and services have since
expanded to include other health conditions such as tuberculosis, malaria and, increasingly,
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chronic diseases and associated risk factors. In 2017, several sites also started providing HIV
treatment and pre- and post-exposure prophylaxis to prevent HIV infection. All clinics provide
HIV testing and counseling services and collect basic clinical measures, including blood pressure,
weight, and height.
Clinics in the network are connected through a single EHR system, with over 800,000
patients registered in the system as of 2015. Each patient is assigned a unique identification number
in the system to link patient records across sites. The EHR system is internet-accessible from all
clinics, allowing clinicians and staff to look up patient medical history. Clinical records include
demographic characteristics as well as information about service delivery and referrals. As groups
like truck drivers and sex workers are mobile and may use services at different clinics and in
multiple countries, the North Star Alliance EHR system is unique in that it tracks health
information for patients served across national and international borders. Thus, for this study we
partnered with North Star Alliance to compare disease burden among sub-groups in their patient
population and by HIV status. 31
Study Population
The data extract from the North Star Alliance EHR system includes information on patients
registered at 46 clinics across 12 countries in Africa (Kenya, Tanzania, and Uganda in Eastern
Africa, and South Africa, Swaziland, Zimbabwe, Botswana, Mozambique, Malawi and Zambia in
Southern Africa, as well as the Democratic Republic of Congo in Central Africa and the Gambia
in West Africa). We included EHR data for the period of 2013 to 2016 to allow for sufficient
sample to estimate the prevalence of chronic health conditions.32 Thus, the inclusion criteria for
this study included having a minimum of one visit during the observation period, a recorded
population group (i.e., trucker, sex worker, or community resident), and being at least 18 years old
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or older. The North Star Alliance staff extracted de-identified records for all patients that met the
eligibility criteria and maintained a key to link the de-identified data to the original dataset for
query investigation.
Figure 1 shows the selection process for the analytic sample. When patients were registered
in the EHR more than once, all their entries were combined into a single record for analyses. We
removed patients with outliers ages (>100 years, n=69) and women that had a pregnancy-related
primary health care diagnosis to exclude maternal weight gain as a contributing factor (n=3,456)
to chronic health condition assessment. Patients that were classified as belonging to more than
one population group over the observation period (n=12) were also excluded from analyses. While
the EHR captured self-reported HIV-positive diagnosis, self-reported HIV-negative status was not
captured. Thus, we excluded reported with self-reported HIV diagnosis (n=702) to account for
potential bias based on HIV status.
Only recently have public health researchers begun to leverage EHR data to monitor
chronic health conditions, and EHR-based research is still a nascent field.29 EHR data may be
challenging to analyze because of the high volume of missing data.33,34 For example, in our study
sample, only 25% of the patient population had their blood pressure reported and 17% had their
height and weight reported, with significant disparities between regions. We considered two
analytic approaches to address missing data in our study. One strategy is to assess the entire patient
population and impute missing values. Another approach is to only assess patients that are screened
to conduct complete-case analysis, though removing patients that were not screened may introduce
selection bias. Given these considerations, we decided to conduct complete-case analysis, and then
conducted a sensitivity analysis in which we included those who did not screen for the outcome as
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not having the outcome and comparing the results to the complete-case analysis results. We
discuss these results in the limitations section.
In total, the sample included 86,906 patients who had blood pressure measurements for
analyses examining hypertension and 63,235 patients with weight and height information for
analyses of overweight status. Since we examined differences by HIV status, the adjusted joint
effect analyses excluded patients who were not screened for HIV and did not report a previous
HIV diagnosis, and the analytic sample for hypertension included 21,228 patients and 16,103
patients for analyses of weight status.
Measures
Our main independent variable was the population category (trucker, sex worker or
community resident) receiving care from the North Star Alliance clinics. During their initial
registration, patients were asked about their occupation and classified as truck drivers, truck driver
assistants, sex workers, or community residents. These population groups are included in the EHR
for reporting purposes for external funding agencies. We collapsed truck drivers and their
assistants into a single category (‘truckers’) given that they share similar work conditions, risk
behaviors, and lifestyle factors.
All clinics offer rapid point-of-care HIV testing. For the present study, HIV-positive status
was ascertained by a reactive HIV test result. Patients tested for HIV at North Star clinics and who
had a non-reactive result were categorized as HIV-negative, and patients that did not have an HIV
test reported ‘not tested’ for HIV in order to include all patients in the final analytic sample,
resulting in a three-category measure of HIV status (positive/ negative/ not tested).
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To examine the combined effect of population group and HIV status on chronic health
conditions, we created a six-category variable examining population group (community members,
sex workers, and truckers) by HIV status (positive/ negative), excluding patients that were not
tested for HIV. Based on the literature, we hypothesized that HIV-positive truckers were most
likely to have a chronic health condition. Therefore, the group hypothesized to represent the least
risk, community residents that are HIV-negative, was used as the reference group for joint analyses
of population category and HIV status.
Our two outcomes of interest were hypertension and overweight status. All sites in the
North Star Alliance network use a sphygmomanometer to collect blood pressure measures, and
most clinicians take several readings over multiple visits before they diagnose a patient with
hypertension. Therefore, for the present study, hypertension was determined by at least one blood
pressure with a systolic blood pressure ≥140 mmHg, or a diastolic pressure ≥90 mmHg, a
definition of hypertension (high blood pressure) used by the World Health Organization35 and
Center for Disease Control and Prevention.36 For analysis, patients with a blood pressure reading
that met the standard definition of hypertension, and those that had a primary health care diagnosis
of hypertension or elevated blood pressure were classified as having hypertension (yes/no). 7 Blood
pressure readings with extreme values were excluded from analysis (diastolic blood pressure upper
limit was set to 150 mmHg and lower limit to 50 mmHg, and systolic blood pressure upper limit
was set to 260 mmHg lower limit to 80 mmHg).37
Overweight status was based on body mass index (BMI) measured as weight (kg) divided
by height squared (m2). Following standard classifications, a BMI value less than 18.5 is
considered underweight, >=18.5 and <25 is considered ‘normal’ weight, 25.0–29.99 is considered
overweight,38 which we used to create an indicator for overweight and underweight status. We
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also removed biologically implausible values (BMI <15 and >100).39
Other Co-Variates
Roadside wellness centers collect limited demographic information for all patients. The
literature highlights that age, gender,40,41 and marital status42 are associated with hypertension and
other cardiovascular risk factors, thus all three were included as co-variates in the adjusted models.
Date of birth was used to calculate age. Age at initial visit was analyzed as a numeric variable and
we presented mean age. Sex was reported and analyzed as a binary variable (female/male). An
indicator was created for married/co-habitating versus single (divorced/ separated, single, and
widow/widower).
Region was included in the analytic models to account for possible confounding as well as
bias due to differences in reporting across sites.43 We collapsed countries into a binary variable for
geographic region (East Africa/Southern Africa). Clinics located in Kenya, Tanzania, the
Democratic Republic of Congo, the Gambia, and Uganda were included in the East Africa region,
and clinics in South Africa, Swaziland, Zimbabwe, Botswana, Malawi, Mozambique, and Zambia
were in the Southern Africa region.
Statistical Analysis
Descriptive statistics were generated overall and by population category. Chi-square tests
were used to examine differences for categorical variables, and Wilcox Rank Sum tests were used
for age examined as a continuous variable. We initially fit crude log-binomial models to estimate
the unadjusted prevalence ratios (PR) for each chronic disease outcome comparing the population
groups, followed by multivariable models that sequentially added (1) demographic characteristics,
(2) region of clinic, and (3) HIV status. We then added an interaction term in the equation (a crossproduct term between population category and HIV status, excluding patients that were not
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screened for HIV at North Star Alliance clinics) to test for modification and then fit joint effect
models to assess the combined contribution of population category and HIV status on chronic
health conditions.44,45 Subsequently, we also estimated the crude and adjusted PR for underweight
status by HIV status also excluding patients that were not screened for HIV. All analyses were
conducted on SAS version 9.4 (Cary, NC) and statistical significance was set at a p-value of <0.05.
RESULTS
Participant Characteristics
Hypertension Prevalence:
Table 1 presents descriptive characteristics for the study sample included in the estimate
of hypertension prevalence (i.e. those who had a blood pressure measurement during the study
period) by population category. Almost one-third (30.9%) of all patients had hypertension. Threequarters of the patient population (75.9%) were not screened for HIV at a North Star clinic, about
one in five patients (21.6%) were screened at North Star Alliance and tested HIV-negative, and
2.5% were HIV-positive, determined through screening at a North Star clinic or at another clinic
and reported in the North Star Alliance EHR. The average age across the sample was 36.72 years
old. About two-thirds of patients were men (64.4%), most patients reported they were married or
co-habitating (57.6%), and over three-quarters received services in Southern Africa (77.7%).
Overall, community residents (44.0%) and truckers (43.9%) and were the largest
population groups in the study sample, followed by sex workers (12.4%). There were substantial
differences in hypertension by population category: 37.8% of truckers had hypertension compared
to 27.8% of community residents and 17.2% of sex workers (p<.001). Most community residents
(76.9%) were not screened for HIV, 19.8% were HIV-negative, and 3.3% were HIV-positive.
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Almost three-quarters (75.2%) of truckers were not screened for HIV, 23.3% were HIV-negative,
and 1.5% were HIV-positive. For sex workers, 71.6% were not screened for HIV, 23.5% were
HIV-negative, and 4.8% were HIV-positive (p<.001). Truckers on average were older (38.10
years-old) than community residents (36.28 years-old) and sex workers (29.70 years-old) (p<.001).
Slightly more than half of community residents were women (53.0%). While almost all truckers
were men (99.1%) nearly all sex workers were women (98.1%) (p<.001). Most community
residents (52.3%) and truckers (75.1%) were married or co-habitating, though only 13.7% of sex
workers were married or co-habitating (p<.001). Finally, 80.8% of community residents, 74.6%
of truckers, and 77.7% of sex workers accessed services in Southern Africa (p<.001).
Overweight Status Prevalence:
Table 2 shows the study sample for analysis of weight status (i.e., patients who had their
BMI measured during the study period). Overall, 44.8% of participants were overweight. Nearly
three-quarters (74.5%), of the patient population did not have their HIV status reported 23.1%
were HIV-negative, and 2.4% were HIV-positive. The mean age was 35.34 years old. The majority
of patients were men (61.9%), married or co-habitating (56.7%), and most patients used services
in East Africa (51.4%). In total, 44.1% of patients included in the estimates of overweight status
were truckers, 40.8% were community residents, and 15.1% were sex workers.
Almost half the trucker population (47.8%) was overweight, 42.0% of community
residents, and 43.7% of sex workers (p<.001). More than three-quarters (77.0%) of community
residents were not HIV tested, 20.1% were HIV-negative, and 2.9% were HIV-positive. Seventy
percent (70.1%) of truckers had were not tested for HIV, 28.3% were HIV-negative, and 1.6%
were HIV-positive. Among sex workers, over eighty percent (80.6%) were not tested for HIV,
16.3% were HIV-negative while 3.2% were HIV-positive (p<.001). The mean age of truckers
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(37.63 years-old) was older than community residents (37.10 years-old) and sex workers (29.22
years-old) (p<.001). Most community residents were women (55.4%), almost all truckers were
men (98.7%), and 98.3% of sex workers were women (p<.001). About three-quarters of truckers
were married or co-habitating (74.6%) compared to 56.7% of community residents and 8.4% of
sex workers (p<.001). Finally, while most community residents (53.2%) received services in
Southern Africa, most truckers (51.6%) and sex workers (63.4%) used services in East Africa
(p<.001).
Regression Analyses
The crude and adjusted associations of population group with hypertension are shown in
Table 3. In the crude model, relative to community residents, truckers were more likely to have
hypertension (Prevalence Ratio (PR)=1.36, 95% Confidence Interval (CI)=1.333-1.389), sex
workers were about half as likely (PR=0.62, 95% CI=0.594-0.645) (Model 1). Associations of
population group with hypertension remained significant when we adjusted for age, gender,
marital status in Model 2, and then region in Model 3. In Model 4, which further adjusts for HIV
status, truckers were 1.32 times more likely to have hypertension than community residents (95%
CI=1.288-1.358), and sex workers were 0.80 times less likely to have hypertension (95%
CI=0.763-0.833).
The joint effect of population group and HIV status with hypertension adjusted for covariates are presented in Table 4. Compared to HIV-negative community residents, HIV-positive
community members were 3% less likely to have hypertension (PR=0.97, 95% CI=0.954-0.992),
while HIV-negative truckers were 3% more likely to have hypertension (PR=1.03, 95% CI=1.0171.039). The results were not significant for HIV-positive truckers. HIV-negative sex worker were
6% less likely to have hypertension (PR=0.94, 95% CI=0.928-0.960), and those that were positive
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were 4% less likely to have hypertension (PR=0.96, 95% CI=0.929-0.986) compared to HIVnegative community residents.
Table 5 shows the crude and adjusted regression results for overweight status. In Model 1,
truckers were 1.14 times more likely to be overweight (95% CI=1.116-1.159), and sex workers
were 1.04 times more likely to be overweight (95% CI=1.012-1.068) compared to community
residents, and the associations held when we adjusted for age, sex, and marital status in Model 2,
and region in Model 3. In the adjusted model that included all co-variates and HIV status (Model
4), truckers were 9% more likely to be overweight (PR=1.09, 95% CI=1.083-1.104), and sex
workers were 4% more likely to be overweight (PR=1.04, 95% CI=1.032-1.056) compared to
community residents.
Table 6 presents the joint effect analysis of population group and HIV status with
overweight status, adjusting for age, gender, marital status, and region (p-value for interaction
<.001). HIV-positive community residents were about 7% less likely to be overweight (PR=0.93,
95% CI=0.892-0.965) compared to HIV-negative community residents. In contrast, HIV-negative
truckers were 1.13 times more likely to be overweight (95% CI=1.108-1.155) There was no
significant difference in the prevalence of overweight status between HIV-positive truckers, or sex
workers, regardless of HIV status.
DISCUSSION
The relationship between work conditions in the transport sector and cardiovascular health
is well-established and our findings are in line with previous research on truckers.26,46,47 We used
EHR data from the North Star Alliance network of roadside clinics to examine the relationship
between hypertension and overweight in three populations groups that vary in their level and types
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of mobility and in an HIV vulnerability. Results indicate that truckers had a higher prevalence of
hypertension than sex workers and community residents, likely due to work conditions in the
transport sector, and both truckers and sex workers were more likely to be overweight than
community residents, perhaps due, in part, to less participation in manual labor work. Furthermore,
the joint effect model results showed that, compared to HIV-negative community residents, only
HIV-negative truckers had a significantly higher probability of having hypertension and of being
overweight.
Other studies have highlighted the association between occupational exposure in the
transport sector and chronic health conditions,46,48 and have shown that specific work conditions
place transport workers at greater risk,47,49 including long hours on the road, sleep disruption,
sedentary lifestyle, unhealthy diet, and occupational stress.50

Our study corroborates prior

evidence that truckers are at increased risk of hypertension and obesity, but that this higher
prevalence varies depending on HIV status. Sex workers, on the other hand, had lower prevalence
of hypertension and higher prevalence of overweight compared to community residents and adding
the joint effect of HIV status made little difference. We had hypothesized that sex workers would
be at increased risk of chronic health conditions because they work at night and may also
experience sleep disruption,21,27 but this only held true for overweight status. The results are
surprising given the occupational hazards associated with sex work51 that have also been linked to
cardiovascular health including intimate partner violence,52 psychological distress,53 and
alcoholism.54,55 While several studies suggest there is a relationship between night shift work and
hypertension,56,57 one study found there was no association, and identified the duration of recovery
sleep as a potential mitigating factor.58 Sex workers may sleep for longer periods than truckers
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after working at night, and may be less sedentary than truck drivers, which may explain why they
have lower levels of hypertension.
The joint effect of population category and HIV status did not show a consistent pattern
for hypertension. For example, HIV-positive community residents were 3% less likely than HIVnegative community residents to have hypertension, sex workers that were HIV-positive were
slightly more likely to have hypertension than HIV-negative sex workers. For overweight status,
HIV-positive community residents had significantly lower prevalence of overweight compared to
HIV-negative community residents, and all HIV-positive groups had a lower prevalence of
overweight status compared those where were HIV-negative in the same category.
Contrary to the current literature that suggest that HIV-infection is associated with chronic
health conditions,1,59-61 the results of the joint effect analysis show that PLWHIV in all population
categories had a lower prevalence of overweight status. In part, the lower levels of overweight
status among HIV-positive patients may be attributed to metabolic alterations related to HIVinfection, which has been linked to wasting, particularly in Africa where malnutrition is a pressing
concern.62,63 Nearly one in five patients was underweight and HIV-positive patients were more
likely to be underweight than those who were HIV-negative. Additionally, studies indicate that
HIV-related weight gain is attributed to initiation of HIV treatment and side effects of ART,64,65
and North Star Alliance only began to offer HIV treatment starting in 2017. Since we could not
determine from our data whether HIV-positive patients were taking HIV medication, this may
explain the divergent results we observed. Another explanation may be that PLWHIV visit clinics
more frequently, and may have more contact with clinicians, providing more opportunities to
introduce and encourage healthier behaviors. Much of the literature that suggests there is a high
prevalence of chronic health conditions, particularly among PLWHIV, was undertaken in South
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Africa.1,53,54,66-68 South Africa is a middle income country, and a hub of economic development
in the region. It is likely that diet, physical activty, and other lifestyle factors as well as access to
ART for PLWHIV vary in other countries. A recent systematic review of the literature on
metabolic syndrome among HIV-positive and negative populations in sub-Saharan Africa found
there were no signficant differences in the prevalence of metabolic syndrome by HIV status,
although prevalence estimates were high for the entire region, suggesting that there is need to
address chronic health condition regardless of HIV status.69 Thus, trends observed in chronic
health conditions in the South Africa context may not extend to other countries in Africa, which
may explain our findings.
Limitations
This study has several limitations. Information collected about occupation is based on selfreport and therefore may be subject to social desirability bias, particularly for sex work. However,
the organization’s service delivery model was designed to increase acceptability of services among
sex workers. Therefore, we believe misclassification of occupation related to social desirability is
minimal. There is a possibility that patients may register under different identification numbers
(ID). For analyses, we combined individual clinic visits into a single patient record based on patient
ID. If patients registered under a different ID at different visits, patients may have multiple entries
in the EHR system which we would not be able to link. To minimize duplicate registration, North
Star Alliance provides patients with a referral card at initial registration with their ID that is
generated in the EHR.
EHR data is also notoriously messy, and some misclassification of all variables likely
occurred. In addition to general data errors, outcome misclassification would include
misclassification of hypertension, weight, and HIV status for patients that have not been diagnosed
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or who have been diagnosed outside of the North Star Alliance network and did not report the
diagnosis to their North Star Alliance provider. There may also be some patients classified as
hypertensive or overweight who no longer have it due to improvements in health habits (e.g. no
longer hypertensive after controlling lower salt intake, losing weight, etc.) but whose change of
status is not documented in the record system. Similarly, other demographic information (i.e.,
marital status) may change overtime but not be updated in the EHR.
In addition, chronic health conditions are identified using a number of different methods
(e.g., clinical evaluation or self-reported previous diagnosis), which vary by patient characteristic
(more or less likely to report a condition that was diagnosed elsewhere). This may lead to an
underreporting of diagnosis for asymptomatic patients, and over-reporting, for patients that may
have been previously diagnosed but no longer have the condition. While many of these sources of
misclassification are likely to be non-differential by the exposures (population group, HIV status)
and thus result in bias toward the null, it is possible that some are differential which could bias the
association in any direction.
The exclusion of patients that were not screened for the outcome may have introduced
selection bias in our study. In an attempt to assess the extent to which our results were affected by
this exclusion, we re-ran the regression models for the entire patient population, including patients
that were not screened. In the crude and adjusted log-binomial regression models including those
who had not been screened (Table 7), the associations for hypertension were in the same direction
and statistically significant for both truckers and sex workers. For overweight status, the crude and
adjusted associations for truckers were similar in direction and statistically significant. For sex
workers, the association was in a different direction and statistically significant. There are several
reasons the associations may have changed. The age distribution is different for all patients versus
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the study sample that only included patients that were screened, which may account for lower
levels of overweight status. Sex workers are also the youngest group, on average (results not
presented).

Given the limitations of observational data, we opted to conduct complete-case

analysis and only include patients screened for hypertension and overweight status in our study.
Despite these limitations, findings from this research provide evidence that hypertension
and overweight status are widely prevalent among North Star Alliance patients, and more so
among the groups with more mobile lifestyles, and especially when that mobility is coupled with
sedentary work conditions. Given that these groups are also at higher risk for HIV, the findings
suggest that they should be targeted with more comprehensive services for screening and
management of chronic health conditions. These strategies include integration of routine screening
into HIV and primary care services for earlier detection of chronic health conditions, patient
education to support prevention and self-management, and tailored interventions for occupational
groups at greater risk of chronic health conditions.70
CONCLUSION
We used EHR data from the North Star Alliance network of roadside clinics to examine
the relationship between hypertension and overweight status in three population groups that vary
in their level and types of mobility and HIV vulnerability. The results of our study show that
truckers are more likely to have hypertension and to be overweight. The results for sex workers
were less definitive, and more information is needed to understand the dynamics of their work that
may differentially impact hypertension and weight status. Though previous research from subSaharan Africa suggests that HIV is associated with hypertension1,64,67,71 and obesity,1,59,61 we
found that PLWHIV in general were less likely to be overweight. This study highlights the
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importance of work conditions as a determinant of health and suggests that future HIV research
should jointly consider occupation and work activities when assessing risk of chronic health
conditions and other non-communicable diseases.
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Figure 1. Flow diagram of the selection process for the sample of North Star Alliance patients
included in the study.
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Table 1. Frequencies and percentages for baseline sample of North Star Alliance clients by population category: Hypertension analysis,
2013-2016

Characteristics
Total
Hypertension status
Yes
No
Hypertension
BP measured
PHC diagnosis
Both BP and PHC
HIV status
Negative
Positive
Not tested
Age (number)
Mean (range, SD)
Sex
Women
Men
Marital Status
Single
Married/co-habitating
Region
East Africa
Southern Africa

Community
residents

Total
n/N
88096

(%)
100.0

n
38756

Truckers

(%)
44.0

n
38691

Sex Workers

(%)
43.9

n
10649

P-value

(%)
12.1
<.001

27196/88096
60900/88096

30.9
69.1

10757
27999

27.8
72.2

14610
24081

37.8
62.2

1829
8820

17.2
82.8

23925/27196
1379/27196
1892/27196

88.0
5.1
7.0

9923
309
525

92.3
2.9
4.9

12308
1013
1289

84.2
6.9
8.8

1694
57
78

92.6
3.1
4.3

19064/88096
2164/88096
66868/88096

21.6
2.5
75.9

7558
1060
30138

19.5
2.7
77.8

9000
589
29102

23.3
1.5
75.2

2506
515
7628

23.5
4.8
71.6

<.001

<.001

<.001
36.72 (18-100, 11.61)

36.28 (18-100, 13.22)

39.10 (18-100, 9.92)

29.70 (18-100, 7.20)
<.001

31329/88096
56767/88096

35.6
64.4

20525
18231

53.0
47.0

360
38331

0.9
99.1

10444
205

98.1
1.9

37318/88096
50778/88096

42.4
57.6

18473
20283

47.7
52.3

9654
29037

25.0
75.1

9191
1458

86.3
13.7

19642/88096
68454/88096

22.3
77.7

7440
31316

19.2
80.8

9832
28859

25.4
74.6

2370
8279

22.3
77.7

<.001

<.001
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Table 2. Frequencies and percentages for baseline sample of North Star Alliance clients by population category: Overweight status
analysis, 2013-2016
Community
residents

Total
Characteristics
n/N
Total
Overweight status
Yes
No
Underweight status
Yes
No
HIV status
Negative
Positive
Not HIV tested
Age (number)
Mean (range, SD)
Sex
Women
Men
Marital Status
Single
Married/co-habitating
Region
East Africa
Southern Africa

Truckers

(%)

n

Sex Workers

(%)

n

(%)

n

(%)

63235

100.0

25798

40.8

27867

44.1

9570

15.1

28330/63235
34905/63235

44.8
55.2

10839
14959

42.0
58.0

13311
14556

47.8
52.2

4180
5390

43.7
56.3

11807/63235
51428/63235

18.7
81.3

5108
20690

19.8
80.2

4913
22954

17.6
82.4

1786
7784

18.7
81.3

14620/63235
1483/63235
47132/63235

23.1
2.4
74.5

5177
747
19874

20.1
2.9
77.0

7888
435
19544

28.3
1.6
70.1

1555
301
7714

16.3
3.2
80.6

Pvalue

<.001

<.001

<.001

<.001
36.14 (18-100, 11.71)

37.10 (18-100, 13.86)

37.63 (18-100, 9.88)

29.22 (18-100, 6.88)

24076/63235
39159/63235

38.1
61.9

14296
11502

55.4
44.6

372
27495

1.3
98.7

9408
162

98.3
1.7

<.001

27353/63235
35882/63235

43.3
56.7

11521
14277

44.7
55.3

7069
20798

25.4
74.6

8763
807

91.6
8.4

<.001

32523/63235
30712/63235

51.4
48.6

12067
13731

46.8
53.2

14386
13481

51.6
48.4

6070
3500

63.4
36.6

<.001
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Table 3. Crude and adjusted log-binomial regression models: Hypertension, 2013-2016
Variables
Population
Community resident
Trucker
Sex worker
Demographics
Age
Men (ref= Women)
Married/Co-habitating (ref= single)
Southern Africa (ref= East Africa)
HIV status
Negative
Positive
Not HIV tested

Model 1
(N=86878)
PR (95% CI)
(ref)
1.36 (1.333-1.389)
0.62 (0.594-0.645)

p

<.001
<.001

Model 2
(N=86878)
PR (95% CI)

p

Model 3
(N=86878)
PR (95% CI)

p

Model 4
(N=86878)
PR (95% CI)

p

(ref)
1.32 (1.288-1.359)
0.80 (0.764-0.835)

<.001
<.001

(ref)
1.34 (1.300-1.371)
0.80 (0.768-0.839)

<.001
<.001

(ref)
1.32 (1.288-1.358)
0.80 (0.763-0.833)

<.001
<.001

1.03 (1.031-1.032)
1.00 (0.966-1.027)
0.96 (0.939-0.982)

<.001
<.001
<.001

1.03 (1.031-1.032)
0.96 (0.935-0.993)
1.02 (0.993-1.039)
1.81 (1.757-1.860)

<.001
0.016
0.176
<.001

1.03 (1.031-1.033)
0.96 (0.931-0.989)
1.02 (0.995-1.042)
1.76 (1.711-1.812)

0.008
0.121
<.001
<.001

(ref)
0.91 (0.851-0.972)
0.83 (0.816-0.854)

0.005
<.001
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Table 4. Joint effect adjusted model effects log-binomial regression model:
Hypertension, 2013-2016

Variables
Population and HIV-status
Community resident/ HIVCommunity resident/ HIV+
Trucker/HIVTrucker/HIV+
Sex worker/HIVSex worker/HIV+
Demographics
Age
Men (ref= Women)
Married/Co-habitating (ref= single)
Southern Africa (ref= East Africa)

Hypertension
(N=21537)
PR (95% CI)

p

(ref)
0.97 (0.954-0.992)
1.03 (1.017-1.039)
1.02 (0.996-1.045)
0.94 (0.928-0.960)
0.96 (0.929-0.986)

0.006
<.001
0.102
<.001
0.004

1.00 (1.003-1.004)
0.99 (0.976-0.999)
1.00 (0.992-1.010)
1.15 (1.127-1.165)

<.001
0.037
0.787
<.001
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Table 5. Crude and adjusted log-binomial regression models: Overweight status, 2013-2016
Variables
Population
Community resident
Trucker
Sex worker
Demographics
Age
Men (ref= Women)
Married/Co-habitating (ref= single)
Southern Africa (ref= East Africa)
HIV status
Negative
Positive
Not HIV tested

Model 1
(N=62048)
PR (95% CI)

p

(ref)
1.14 (1.116-1.159)
1.04 (1.012-1.068)

<.001
<.001

Model 2
(N=62048)
PR (95% CI)

p

Model 3
(N=62048)
PR (95% CI)

p

Model 4
(N=62048)
PR (95% CI)

p

(ref)
1.31 (1.281-1.329)
1.11 (1.078-1.146)

<.001
<.001

(ref)
1.10 (1.087-1.108)
1.05 (1.031-1.058)

<.001
<.001

(ref)
1.09 (1.083-1.104)
1.04 (1.032-1.056)

<.001
<.001

1.01 (1.010-1.011)
0.75 (0.732-0.761)
1.18 (1.155-1.204)

<.001
<.001
<.001

1.00 (1.002-1.003)
0.89 (0.884-0.902)
1.06 (1.056-1.073)
1.20 (1.195-1.212)

<.001
<.001
<.001
<.001

1.00 (1.002-1.003)
0.90 (0.887-0.905)
1.06 (1.054-1.071)
1.20 (1.190-1.207)

<.001
<.001
<.001
<.001

(ref)
0.95 (0.925-0.970)
1.01 (1.000-1.016)

<.001
0.061
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Table 6. Joint effect adjusted model log-binomial regression models:
Overweight status, 2013-2016

Variables

Overweight
(N=16125)
PR (95% CI)

Population and HIV-status
Community resident/ HIVCommunity resident/ HIV+
Trucker/HIVTrucker/HIV+
Sex worker/HIVSex worker/HIV+
Demographics
Age
Men (ref= Women)
Married/Co-habitating (ref= single)
Southern Africa (ref= East Africa)

p

(ref)
0.93 (0.892-0.965)
1.13 (1.108-1.155)
1.03 (0.976-1.079)
1.02 (0.987-1.042)
1.01 (0.987-1.042)

<.001
<.001
0.313
0.299
0.270

1.00 (1.003-1.004)
0.86 (0.843-0.880)
1.05 (1.033-1.066)
1.23 (1.207-1.252)

<.001
<.001
<.001
<.001
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Table 7. Crude log-binomial regression models with all North Star Alliance patients including those not
screened for a chronic health condition: Hypertension and Overweight, 2013-2016
Variables
Univariate
Population
Community resident
Trucker
Sex worker
Multivariable
Population
Community resident
Trucker
Sex worker
Demographics
Age
Men (ref= Women)
Married/Co-habitating (ref= single)
Southern Africa (ref= East Africa)
HIV status
Negative
Positive
Not HIV tested

Hypertension
(N=356581)
PR (95% CI)

p

Overweight
(N=356581)
PR (95% CI)

p

<.001
<.001

(ref)
1.93 (1.867-1.993)
0.95 (0.918-0.990)

<.001
<.001

(ref)
1.67 (1.629-1.721)
0.68 (0.645-0.709)

<.001
<.001

(ref)
1.93 (1.867-1.993)
0.95 (0.918-0.990)

<.001
<.001

1.04 (1.040-1.042)
0.87 (0.847-0.902)
0.85 (0.832-0.872)
8.28 (8.044-8.524)

<.001
<.001
<.001
<.001

1.02 (1.022-1.024)
0.56 (0.538- 0.576)
0.92 (0.898-0.945)
3.18 (3.101-3.251)

<.001
<.001
<.001
<.001

<.001
<.001

(ref)
1.67 (1.547-1.798)
1.87 (1.819-1.914)

<.001
<.001

(ref)
1.33 (1.301-1.364)
0.34 (0.323-0.356)

(ref)
1.65 (1.541-1.766)
1.96 (1.916-2.012)
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CHAPTER 3
HIV testing and screening for chronic health conditions at roadside clinics in sub-Saharan
Africa: Implications for integration of services
INTRODUCTION
Nearly 11.7 million people now receive human immunodeficiency virus (HIV) treatment
in East and Southern Africa, a region that has more than half of the global population living with
HIV.1 While the number of new infections declined by nearly 30% in the region,1 surveillance data
indicate a high prevalence of chronic diseases and associated risk factors, specifically diabetes and
hypertension, in sub-Saharan Africa.2 Almost half (46%) of the adult population in this region of
the world is estimated to have hypertension.3 Diabetes prevalence is also on the rise, increasing
from 3.1% to 7.1% between 1980 and 2014, resulting in an estimated 25 million adults living with
diabetes.4 Further, studies suggest that people living with HIV (PLWHIV) are at elevated risk of
hypertension5,6 and obesity6-9 contributing to the burgeoning chronic disease epidemic in the
region.10 Chronic disease among PLWHIV has been linked to the inflammatory cascade related to
HIV-infection and to the side effects of anti-retroviral therapy (ART).11 With more PLWHIV
initiating ART and living longer, there is a growing need to address chronic diseases generally and
for populations at risk of HIV specifically mobility populations, including truck drivers12-14 and
sex workers.15-17
The concentration of resources for HIV services may have come at the detriment of nonHIV care, particularly primary care.18,19 Ouyang argues that the magnitude of chronic disease in
Africa is attributed to poor primary care services in the region,20 and that a large proportion of
death and disability related to chronic disease could be prevented through affordable population-
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based interventions for those living with chronic disease, and early interventions for those who are
at high risk of developing a chronic disease.21 Although there has been significant historical
investment in scaling-up services for HIV prevention and treatment, there has been a scarcity of
resources for screening, prevention, and management of chronic diseases.20
In recent years, researchers have begun to examine non-communicable diseases in the
context of HIV, and a number of studies have considered expanding HIV services to include care
for other chronic health conditions.22-28 A recent study from South Africa26 found that patients on
ART were more likely to have their blood pressure measured (Odds Ratio=1.27, 95% Confidence
Interval (CI)=1.04–1.55) and 1.26 times more likely (95% CI=1.05–1.51) to have their blood
glucose assessed than those who were HIV-negative or were HIV-positive and not currently on
ART.26 Other research has shown that combining HIV care with primary health care increases
acceptability of HIV services, improves uptake of HIV care, and also positively impacts patient
retention compared to stand-alone HIV programs.29 Thus, combining HIV care and management
of chronic diseases has the potential to improve clinical outcomes for HIV-infection as well as for
other health conditions.
However, there is little research on whether HIV prevention and testing services are also associated
with diagnosis and management of chronic health conditions. Once a patient accesses healthcare
for any reason, including HIV prevention, testing and care, there is an opportunity to also evaluate
risk of other health conditions, offer diagnostic and, when appropriate, treatment services or
referrals. The expanded healthcare infrastructure that occurred throughout Africa in response to
the HIV epidemic could be a resource in the fight against other diseases, including chronic
diseases. Therefore, the present study examines the association between use of clinic-based HIV
testing services and screening for chronic health conditions (hypertension and/or diabetes) at a
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network of roadside wellness clinics in Africa that offer a comprehensive package of primary and
secondary healthcare services in addition to HIV prevention, testing and care. We hypothesize
that, as with HIV treatment, those accessing HIV testing are more likely to receive screening for
these other chronic health conditions, than those not receiving HIV testing services.
METHODS
Data source
For this study, we used electronic health record (EHR) data from the North Star Alliance,
a network of clinics located along the main transport corridors in 12 countries in Africa.30 The
North Star Alliance service delivery model was originally formed in 2006 in response to the HIV
epidemic, offering HIV prevention, treatment and care services to truckers at high risk. The system
later expanded services to other groups at high risk of HIV-infection, including sex workers, and
residents of communities living near transport hubs, and expanded services to include a broad array
of primary and secondary healthcare services. Although diagnostic and treatment capacity for
non-HIV diseases varies by clinic, all clinics offer basic clinical assessments including
measurement of blood pressure and glucose levels. North Star Alliance clinics are connected
through a single EHR system to enable clinicians and staff to track patient care across the clinic
network.
Study population
The data extracted from the North Star Alliance EHR includes information on patients
registered at 46 clinics across 12 countries in Africa (Kenya, South Africa, Swaziland, Tanzania,
Zimbabwe, Botswana, the Democratic Republic of Congo, the Gambia, Malawi, Mozambique,
Uganda, and Zambia). To be included in this study, patients must have been at least 18 years-old,
a recorded population group (i.e., trucker, sex worker, or community resident), and have a
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minimum of one visit during the study period from 2013 to 2016. Based on these criteria, the data
managers extracted de-identified records for all eligible patients and maintained a key associating
the de-identified data to the original dataset for query resolution.
The selection process for the analytic sample is presented in Figure 1. Our study period
included a total of 360,049 eligible patients. We excluded patients that had ages out-of-range (>100
years-old, n=69), and women with a pregnancy-related diagnoses since screening for high blood
pressure and gestational diabetes are part of antenatal care (n=3,456). As we are examining
whether receipt of HIV testing is associated with screening for hypertension and/or diabetes, we
excluded patients who had an HIV diagnosis reported but did not have an HIV test reported
(n=608) as these patients were either diagnosed before the observation period or at a clinic outside
of the North Star Alliance network. In total 355,904 patients were included in the final analytic
sample.
Measures
The main independent variable was receipt of HIV testing services. All North Star Alliance
clinics offer point-of-care rapid HIV testing. For these analyses, a binary variable was created for
having received an HIV test at a clinic within the North Star Alliance network during the study
period (yes/no).
Screening for chronic health conditions, the dependent variable in our study, was defined
as having been assessed for either hypertension or diabetes, independent of the actual diagnosis.
All clinics in the North Star Alliance network use a sphygmomanometer to measure blood
pressure. For analysis, patients that had blood pressure measures reported in the EHR were
classified as screened for hypertension (yes/no). Point-of-care monitoring strips are used to
evaluate blood glucose levels. While monitoring strips cannot be used to diagnose diabetes,
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clinicians use strips to screen patients for elevated glucose levels and provide referrals to health
facilities where patients can receive a diagnostic hemoglobin A1c test. For our study purposes, we
created a binary variable (yes/no) for any patient who was screened for diabetes. We then classified
patients as having been assessed for chronic health conditions based on screening for hypertension
and/or diabetes (yes/no).
During field visits as part of this study, we noted that screening practices and levels of
reporting varied at clinics in different regions. Thus, we also included region in our final analytic
model to account for regional differences. Clinics in South Africa, Swaziland, Zimbabwe,
Botswana, Malawi, Mozambique, and Zambia were within the southern region, and clinics in all
other countries (Kenya, Tanzania, the Democratic Republic of Congo, the Gambia, and Uganda)
were included in the eastern region.
Co-variates
At the initial clinic visit, staff collects demographic information on new patients including
patient population group (trucker, sex worker, and community resident) date of birth, gender, and
marital status. Patients were asked about their occupation during registration and classified as truck
drivers, truck driver assistants, sex workers, or community residents. Truck drivers and their
assistants were collapsed into a single category (‘truckers’) to create a three-category variable:
truckers, sex workers, and community residents. Age was calculated from the patient date of birth
and was analyzed continuously. The literature suggests there are disparities in the recognition of
hypertension based on sex,31 and that marital status may impact use of preventative services,32 thus
we included both as covariates in our model. Sex was reported as a binary variable (female/male).
For marital status, patients were asked categorized as if they were cohabitating/, married
(monogamous/ polyamorous) vs. single (divorced/separated, never married, single, widowed).
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Statistical analysis
Descriptive statistics were generated for the total sample and by whether they were
screened for diabetes or hypertension during the study period. Chi square tests were conducted to
assess the statistical significance of differences in screening status for each of the categorical
sociodemographic variables, and Wilcoxon rank sums tests were used for age. We then fitted a
crude log-binomial regression model to generate prevalence ratios (PR) examining the association
between HIV testing and screening for hypertension and/or diabetes, and subsequently
multivariable log-binomial regression models that included all covariates to assess if the main
association remained. To examine whether associations differed between regions, we included
region in the final multivariable model, and then added a cross-product term between HIV testing
and region to the multivariable model. We then ran the multivariable models stratified by region.
We also conducted a sensitivity analyses to estimate crude and adjusted PR separately for
hypertension and diabetes. As we did not examine the timing of HIV testing and screening for
chronic health conditions, we examined associations excluding screening for chronic health
conditions that occurred before HIV testing to account for the order of services. The significance
level for all analyses was set at p<.05. Analyses were conducted on SAS version 9.4 (Cary, NC).
RESULTS
The mean age of the study population was 34.2 years. Most patients were men (59.8%) and
59.6% of patients were married or cohabitating. About two-thirds (62.5%) of patients used services
in the East Africa region, while 37.5% received services in the Southern region. Less than half
(42.9%) of patients in the study received an HIV test at a North Star Alliance clinic within the
network during the study period.
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Overall, 25.1% of North Star Alliance patients (n=89,378) were screened for a chronic
health condition, with a higher percentage screened for hypertension (24.8%) than diabetes (5.7%).
Among those who had been screened for either hypertension or diabetes, less than one-quarter
(24.1%) were tested for HIV compared to 49.1% who had not been screened for a chronic health
condition (p<0.001). Patients that were screened for hypertension and/or diabetes were older, on
average, relative to patients that were not screened (36.72 versus 33.43 years, p<0.001)). Among
those screened, 44.4% were truckers, 43.6% were community residents, and 12.0% were sex
workers, and 38.5% of those not screened were truckers, 38.9% were community residents, and
22.7% were sex workers (p<0.001). Almost two-thirds (64.7%) of those screened were men versus
58.1% of those not screened (p<0.001), and 57.9% of those screened versus 60.2% of those not
screened were married (p<0.001). Among patients that were screened for a chronic health
condition, most received services in Southern Africa (76.6%) with only 23.4% accessing services
in East Africa (p<0.001). Nearly three-quarters of patients that were not screened received services
in East Africa (75.6%) and 24.4% used services in Southern Africa (p<0.001).
The results of the crude and adjusted regression models are shown in Table 2. In Model 1,
patients that were tested for HIV were 0.42 times less likely to have been screened for hypertension
and/or diabetes than those who were not tested (PR=0.42, 95% CI=0.418-0.430). The negative
association between HIV testing and chronic disease screening remained the same when adjusted
for age, gender, marital status (Model 2, 95% CI=0.429-0.441), and region (Model 3, 95%
CI=0.559-0.569).
The two-way interaction analyses (HIV testing and region) indicated there was significant
effect modification by region (p<.001), therefore we stratified the results by region in Table 3. In
the adjusted models, patients in the East Africa region that were tested for HIV were 0.20 times
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less likely to be screened for hypertension and/or diabetes than those who were not tested
(PR=0.20, 95% CI= 0.197-0.213). In Southern Africa, patients tested for HIV were 0.58 times
less likely to be screened than those that were not tested (PR=0.58, 95% CI= 0.575-0.587).
In the sensitivity analyses, the adjusted associations for hypertension and diabetes
screening were both significant and similar to our study results (Table 4, PR=0.56, 95% CI=0.5560.567, and PR= 0.50, 95% CI= 0.485-0.514), though the prevalence of hypertension screening was
almost three times greater in the southern region (PR=2.81, 95% CI=2.789-2.841) and more than
12 times greater for diabetes screening (PR=12.62, 95% CI=12.097-13.172). In the sensitivity
analysis in which we accounted for the order of services delivery (Table 5), the adjusted association
between HIV testing and screening for a chronic health condition was similar in direction to the
study results and statistically significant (PR=0.51, 95% CI= 0.502-0.512).
DISCUSSION
The results from these analyses suggest that patients who were tested for HIV were
significantly less likely to be screened for hypertension and/or diabetes than those who did not
access HIV testing services, contrary to our hypothesis. This association remained when we
adjusted for co-variates, and it was stronger among patients obtaining services in East Africa
compared to those accessing services in Southern Africa.
One possible explanation for the lower chronic disease screening among those who
accessed HIV testing is that the North Star Alliance model for HIV testing is largely counselor
driven. Although patients who see a North Star Alliance clinician are offered a comprehensive
clinical evaluation that includes assessments for multiple conditions, the HIV testing counselors
focus on HIV services alone and do not screen for other conditions. Patients visiting a clinic for
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HIV testing are not routinely seen by the clinician. Several studies highlight the effectiveness of
using lay health workers for screening of non-communicable diseases, assessment of risk
behaviors, promotion of behavioral interventions, and referrals for diagnostic services.33-35
Expanding the scope of counselors to include prevention, screening and early intervention services
for hypertension and diabetes may be one way that the North Star Alliance can leverage the HIV
testing encounter to address chronic health conditions. Alternately, patients accessing HIV testing
could also be encouraged to see a clinician for additional health screening, perhaps during the 20
minutes it takes to obtain rapid HIV test results.
Several studies found that initiation of ART was associated with increased screening for
hypertension and diabetes,26,28 the opposite from what we found for HIV testing. This may be
because patients in HIV care have regular contact with clinical providers. A study from South
Africa that found that patients engaged in HIV care had greater odds of being diagnosed and treated
for hypertension attributed the positive association to greater frequency and contact with medical
and support services. Patients engaged in HIV treatment regularly see counselors, pharmacists,
and clinicians every three months, providing more opportunities for screening, education, and
treatment for other conditions.28 In 2017, North Star Alliance began offering ART, both for HIV
treatment and for biomedical prevention (pre- and post-exposure prophylaxis), and thus future
research should explore if their new HIV treatment and biomedical prevention programs result in
higher screening for chronic health conditions.
The prevalence of screening for hypertension and diabetes was much higher in Southern
Africa than East Africa, while the strength of the negative association between HIV testing and
screening was much stronger in East Africa than Southern Africa. This may be due to some of the
differences in clinic operations that we observed during our site visits. At some clinics, the
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receptionist routinely measures blood pressure during patient registration. At other clinics, the
clinician collects and assess all primary health care measures, including blood pressure. The clinics
where the receptionist is involved in collecting measures may screen more patients, and this was
more common in clinics in Southern Africa. When we separately examined hypertension and
diabetes prevalence, we found that regional disparities in screening were largely driven by higher
levels of diabetes screening in the southern region. The differences in levels of screening highlight
an opportunity to standardize clinical practices across the network to increase screening for chronic
health conditions, particularly at clinics within the East Africa region in this study. Several studies
have documented the use community health workers to enhance comprehensive and a lay health
work model could be an effective way to integrate care. Findings may also extend to non-clinical
HIV prevention programs. Several studies have documented the advantages of delivering
integrated community-based health services to identify undiagnosed HIV, hypertension, and
diabetes.36,37 Community-based programs reach groups that may not engage in clinical services
and are also well-positioned to support linkages to medical services.
Limitations
This study has a number of limitations that should be considered when interpreting the
results. For example, there may be underreporting of services in the EHR. Sites manually record
chronic health condition measures in the clinic paper registry and later enter data into the EHR.
Clinics have to record data in several parallel reporting systems (e.g., EHR, national HIV
surveillance system, donor mechanisms). Given time constraints, staff prioritize data entry for
external stakeholders. Consequently, data may not routinely be reported in the EHR, particularly
for patients that do not present any risk.38,39 Furthermore, at some clinics, the clinicians are solely
responsible for entering primary health care measures into the EHR, while other clinics,
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receptionists also enter data, likely resulting in higher levels of reporting, which may explain some
of the regional differences.
There is a possibility that patients may be registered under identities at different at different
visits. At initial registration, patients are assigned a unique identification number (ID) and for this
analysis, we merged multiple clinic visits into a single patient record using the patient ID. If patient
information is entered under a different record, we would not be able to link patient information.
Regardless, the misclassification is likely non-differential and would not change the direction of
the exposure-outcome association.
Demographic information (i.e., marital status) is collected at the initial clinic visit and may
change overtime but may not be updated in the EHR that would result in misclassification. Thus,
there may be some misclassification of confounders that may lead to residual confounding and the
resulting bias might be in any direction.
The North Star Alliance service delivery model was developed in response to the HIV
epidemic in sub-Saharan Africa. Our findings may be relevant to other clinical settings that offer
primary and secondary care services including HIV prevention and care in high HIV prevalence
areas but not all areas.
Finally, we were limited in our ability to determine the directionality of the relationship
between HIV prevention services and assessments for chronic health condition. Thus, we
conducted a sensitivity analysis that allowed us to evaluate the impact of including any screening
over the observation period in our analysis. When we exclude screening for chronic health
conditions that occurred before HIV testing, the associations were in the same direction as our
study results and statistically significant. Given our interest in examining the entire patient
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experience, and that integration of services for HIV and chronic health conditions may be ambidirectional (i.e., HIV testing may be offered as part of primary health care services or screening
for chronic health conditions may be embedded in HIV services),40 we decided to include
screening for chronic health conditions that occurred at any point over the study period.
Even with these limitations, the results of this study provide insight on leveraging HIV
testing services and optimizing clinic flows to improve screening for other health conditions. Nonclinical staff can be trained to conduct screening and risk assessments for chronic health conditions
during HIV testing sessions and patient registration. They can also support clinicians in followingup with patients with chronic conditions to provide continued support for behavioral interventions.
CONCLUSION
We found that screening for hypertension and/or diabetes was less likely among those who
accessed HIV testing at North Star Alliance clinics, suggesting that even in clinics that offer
comprehensive healthcare services, HIV testing and other healthcare services are still siloed. This
presents an obvious low-stakes, high opportunity service enhancement to encourage screening for
chronic health conditions during HIV testing encounters and vice versa. The introduction of
screening for chronic health conditions into the HIV continuum of care can take advantage of the
healthcare infrastructure developed in response to the HIV epidemic, possibly at the expense of
the primary healthcare infrastructure, to address the growing epidemics of hypertension and
diabetes in Africa.
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Table 1. Frequencies and percentages* for baseline sample of North Star Alliance patients, screened for
a chronic health condition (hypertension and diabetes), 2013-2016
Not screened for
Screened for chronic
Total
chronic health
health conditions
Characteristics
conditions
n/N
(%)
n
(%)
n
(%)
Total
355904 100.0
89376
25.1
266528
74.9
Screened for hypertension
Yes
88169/355904
24.8
88169
98.7
0
0
No
267735/355904
75.2
1207
1.4
266528
100.0
Screened for diabetes
Yes
20295/355904
5.7
20295
22.7
0
0.0
No
335609/355904
94.3
69081
77.3
266528
100.0
HIV Services
Tested for HIV
152513/355904
42.9
21552
24.1
130961
49.1
Not tested for HIV
203391/355904
57.2
67824
75.9
135567
50.9
Age (number)
Mean (range, SD)
34.19 (18-100, 10.55)
36.72 (18-100, 11.61) 33.34 (18-100, 10.04)
Population category
Community residents
142538/355904
40.1
38978
43.6
103560
38.9
Truckers
142257/355904
40.0
39645
44.4
102612
38.5
Sex workers
71109/355904
20.0
10753
12.0
60356
22.7
Sex
Women
143254/355904
40.3
31558
35.3
111696
41.9
Men
212650/355904
59.8
57818
64.7
154832
58.1
Marital Status
Single
143660/355904
40.4
37666
42.1
105994
39.8
Married/co-habitating
212244/355904
59.6
51710
57.9
160534
60.2
Region
East Africa
222287/355904
62.5
20888
23.4
201399
75.6
Southern Africa
133617/355904
37.5
68488
76.6
65129
24.4
*Column

p-value

<.001

<.001

<.001

<.001
<.001

<.001

<.001

<.001

percentages presented for all categories.
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Table 2. Crude and adjusted log-binomial models regression model results: Predictors of screening for a chronic health conditions (hypertension or
diabetes) at a North Star Alliance Clinic, 2013-2016
Variable

Model 1
(N=355904)
PR (95% CI)

Tested for HIV (ref= not tested)

0.42 (0.418-0.430)

Model 2
(N=355904)
p

p

PR (95% CI)

p

0.44 (0.429-0.441)

<.001

0.56 (0.559-0.569)

1.01 (1.013-1.013)

<.001

1.00 (1.004-1.005)

Trucker

1.19 (1.167-1.120)

<.001

1.22 (1.210-1.233)

<.001

Sex worker

0.57 (0.560-0.583)

<.001

0.91 (0.894-0.919)

<.001

Men (ref= women)

1.03 (1.012-1.042)

0.002

0.96 (0.954-0.974)

<.001

Married/Co-habitating (ref= single)

0.67 (0.663-0.678)

<.001

0.86 (0.856- 0.869)

<.001

2.75 (2.724-2.774)

<.001

Age

<.001

PR (95% CI)

Model 3
(N=355904)
<.001

Population category (ref= community resident)

Southern Africa (ref= East Africa)

Model 1 was the crude analysis.
Model 2 controlled for age, population category, sex, and marital status.
Model 3 included all Model 2 variables plus region.
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Table 3. Crude and adjusted log-binomial models regression model results: Predictors of screening for a chronic
health conditions (hypertension or diabetes) at a North Star Alliance Clinic by region, 2013-2016

Variable

East Africa
(N=222287)
PR (95% CI)

Southern Africa
(N=133617)
p

PR (95% CI)

p

Univariate
Tested for HIV (ref= not tested)
Multivariable
Tested for HIV (ref= not tested)
Age

0.20 (0.193-0.210)

<.001

0.46 (0.456-0.467)

<.001

0.20 (0.197-0.213)
1.01 (1.014-1.016)

<.001
<.001

0.58 (0.575-0.587)
1.00 (1.004-1.005)

<.001
<.001

Population category (ref= community resident)
Trucker
Sex worker
Men (ref= women)

1.60 (1.545-1.659)
0.55 (0.520-0.574)
0.88 (0.844-0.915)

<.001
<.001
<.001

1.21 (1.193-1.218)
0.97 (0.960-0.989)
0.96 (0.951-0.973)

<.001
<.001
<.001

Married/Co-habitating (ref= single)

0.89 (0.865-0.919)

<.001

0.84 (0.837-0.851)

<.001
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Table 4. Crude and adjusted log-binomial models regression model results: Predictors of screening for hypertension or
diabetes at a North Star Alliance Clinic, 2013-2016

Variable

Hypertension
(N=355904)
PR (95% CI)

Diabetes
(N=355904)
p

PR (95% CI)

p

Univariate
Tested for HIV (ref= not tested)

0.42 (0.418-0.430)

<.001

0.56 (0.541-0.574)

<.001

Tested for HIV (ref= not tested)

0.56 (0.556-0.567)

<.001

0.50 (0.485-0.514)

<.001

Age

1.00 (1.005-1.005)

<.001

N/A

Trucker

1.21 (1.201-1.225)

<.001

1.94 (1.877-2.008)

<.001

Sex worker

0.91 (0.893-0.919)

<.001

0.79 (0.746- 0.830)

<.001

Men (ref= women)

0.96 (0.951-0.972)

<.001

1.02 (0.980-1.063)

0.32

Married/Co-habitating (ref= single)

0.86 (0.853-0.866)

<.001

0.73 (0.713-0.753)

<.001

Southern Africa (ref= East Africa)

2.81 (2.789-2.841)

<.001

12.62 (12.097-13.172)

<.001

Multivariable

Population category (ref= community resident)

77

Table 5. Crude and adjusted log-binomial models regression model results: Predictors of screening for a
chronic health conditions (hypertension or diabetes) at a North Star Alliance Clinic ONLY including
screening that occurred on the same-day/after an HIV test, 2013-2016

Variable

Screened for a chronic health
condition
(N=352638)
PR (95% CI)

p

Univariate
Tested for HIV (ref= not tested)

0.36 (0.354-0.365)

<.001

Tested for HIV (ref= not tested)

0.51 (0.502-0.512)

<.001

Age

1.00 (1.004-1.005)

<.001

Trucker

1.23 (1.219-1.243)

<.001

Sex worker

0.90 (0.893-0.918)

<.001

Men (ref= women)

0.97 (0.957-0.978)

<.001

Married/Co-habitating (ref= single)

0.86 (0.851-0.865)

<.001

Southern Africa (ref= East Africa)

2.79 (2.764-2.816)

<.001

Multivariable

Population category (ref= community resident)
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CHAPTER 4
Cross-country use of health services by mobile population group and HIV status
INTRODUCTION
Healthcare service utilization in Africa is complicated, with numerous barriers to accessing
care such as lack of physical accessibility of services, costs, and concerns about confidentiality
and stigma associated with certain health conditions, such as HIV.1 In fact, studies suggest that
some people seeking HIV services may do so at clinics far from their hometown to avoid being
seen by neighbors,2,3 and several studies found further distance to clinics was associated with
increased engagement in HIV care.4,5 However, there is little information about patterns of
healthcare utilization among populations with high mobility, such as truckers who travel regularly
for work, sex workers who may move frequently for work, and residents of communities along
major transport routes and in border towns, who may include high proportions of internal and
international migrants.
These truck drivers and sex workers likely face many of the same barriers to healthcare as
the general population, although some may be exacerbated by work conditions (e.g. ability to
access healthcare due to long work hours and frequent travel). In a qualitative study in Kenya,
truck drivers reported they preferred private clinics located along the main transport corridor
because they could not leave their trucks to seek services away from the road and wait times in
private clinics were much shorter than at public ones, though costs were prohibitive at private
facilities.6 Another study from Kenya suggested that some truck drivers did not seek care on a
regular basis out of fear that other patients would recognize them in the clinic waiting room and
assume they are HIV-positive.7 Although they face different challenges than truck drivers, sex
workers also confront many barriers in accessing health services. Studies from Kenya6 and South
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Africa8 describe how sex workers perceived discrimination by health providers and clinic staff,
and how this discouraged them from seeking care. Sex workers also discussed long wait times at
public clinics and concerns about privacy and confidentiality at health facilities.6,8 Particularly for
sex workers working in an international setting, eligibility to use services can be a barrier to
accessing healthcare9 since services at public clinics may be restricted to residents or nationals or
may present additional costs for non-residents.10 Finally, despite their different living conditions,
both mobile and non-mobile populations may seek services at multiple clinics and across borders
because of concerns about confidentiality and fear of HIV-related stigma.11,12 On the other hand,
truck driver and sex workers, in some cases, actually may have more choice in healthcare as their
travel may allow them to access clinics in different locations.

Understanding the patterns of

healthcare access by groups that vary in their frequency and type of mobility is an important first
step towards designing services that meet the needs of these groups that are at high-risk for HIV
and other health conditions.
Studying the health of mobile populations and their health seeking behavior presents a
unique set of challenges because they are transient. They may not be physically present for
household surveys and may not use healthcare services at local clinics. Thus, information about
this group in population-based surveys or administrative data is limited.13 More recently, public
health research has leveraged clinic data from electronic health records (EHR) to monitor the
health of vulnerable populations and study service utilization.14 Clinics that provide targeted
services to hard-to-reach groups could potentially fill in the information gaps related to mobile
populations.13 However, mobile groups often seek services across-borders, and few clinics provide
cross-country services.
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We made use of a unique data source to understand how occupations often involving
mobility, such as truck driving and sex work, are associated with service utilization.
Understanding if mobile groups are less likely to use services than local community residents and
whether they use health services at multiple clinics and in different countries will help tailor
services to this key population group in the African context. Therefore, the aims of this study were
to examine healthcare utilization patterns for mobile and non-mobile populations seeking
healthcare at an international network of roadside clinics in Africa and determine if associations
differ by HIV status.
METHODS
Data source
For the present study, we partnered with the North Star Alliance, an NGO that runs a
network of roadside clinics across 12 countries in Africa. The clinics are located along the main
transport corridors and are open in the afternoon and evenings to be accessible to both mobile and
non-mobile populations. North Star Alliance was established in 2006 to provide HIV prevention
services to mobile groups and communities near transport hubs, and the network has since
expanded to include services for other health conditions including malaria, tuberculosis, and
chronic diseases. All healthcare visits, services received, and referrals are tracked through the
North Star Alliance EHR system. Each patient is assigned a unique identification number, linking
records across sites, and allowing clinicians and staff to look up patient medical history at all
clinics in the network. Therefore, we leveraged North Star Alliance’s EHR data to study service
utilization among three groups that varied in their frequency and type of mobility and tested if HIV
status was related to use of services by population group.
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Study population
The data extracted from the North Star Alliance EHR included information on patients
registered at 46 clinics across 12 countries in Africa (Kenya, South Africa, Swaziland, Tanzania,
Zimbabwe, Botswana, the Democratic Republic of Congo, the Gambia, Malawi, Mozambique,
Uganda, and Zambia). We followed clients over a two-year period from 2015 to 2016 to ascertain
healthcare utilization patterns. To be eligible for the study, patients must have reported their
population category (truck driver, sex worker, and community resident), must be at least 18 yearsold at the beginning of the study period, and must have a minimum of one visit during the twoyear observation period. A de-identified dataset was created based on these criteria for analyses
and North Star Alliance data managers maintained a key linking the de-identified data to the
original extract for data queries.
The North Star Alliance EHR extract included a row for each clinic visit. For analysis we
used the unique identification number (ID) assigned to each patient at initial registration to link
patient records and combined all clinic visits over the two-year study period into a single record
for each patient. The study sample selection process for analysis of visit frequency is shown in
Figure 1. In total, 270,634 eligible patients visited North Star Alliance during the study period
from 2015-2016. We excluded patients whose age was out-of-range (>100 years). While the EHR
includes HIV status for patients who self-report they are HIV-positive, self-reported HIV-negative
status was not captured. To address potential bias based on HIV status, we removed all patients
that had a self-reported HIV-positive diagnosis but did not have an HIV test reported (n=702).
Given that we examined differences by HIV status, the adjusted joint effect models excluded
patients who were not tested for HIV at North Star Alliance clinics since we were not able to
determine their HIV status (n=97,619). The final analytic sample for the joint effect of population
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group and HIV status included 172,259 patients. For the analyses of service utilization in multiple
clinics and different countries, we excluded patients that only had one clinic visit reported over the
observation period to account for confounding by visit frequency (n=215,434). Thus, the analytic
sample for service utilization analyses included 54,553 patients. The joint effect analysis of
population group and HIV status excluded patients that were not tested for HIV (n=5802) and
included 48,641 patients in total.
Measures
For these analyses, population category was the main independent variable. Roadside
clinics serve mobile populations, including sex workers, truck drivers and their assistants, as well
as community residents that live along the transport corridors. Patients are initially asked about
their occupation at intake and assigned a population category. We classified truck drivers and their
assistants as ‘truckers’ and created a three-category variable to examine population group (trucker,
sex worker, and community resident).
The dependent variables included: (1) the number of clinic visits, (2) use of services in
multiple clinics, and (3) use of cross-country clinic services over the study period. An entry is
created in the EHR for each clinic visit and includes information about the site of the visit and the
country where the clinic is located. We summed all visits during the observation period to obtain
a continuous measure of the number of clinic visits made by each study participant. To assess use
of services across sites and countries, we created dichotomous variables (yes/no) for those who
visited more than one clinic site over the study period, and those who accessed services in different
countries.
We created a three-category variable to classify HIV status (positive/negative/not tested).
All clinics in the North Star Alliance network use a rapid blood-based (finger prick) HIV test. We
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ascertained HIV-positive status by a reactive HIV test result. Patients that had a non-reactive HIV
test result reported in the EHR were classified as HIV-negative. Patients that did not have an HIV
test reported in the EHR were categorized as ‘not tested’ for HIV in order to retain all observations
included in the final analytic sample.
We applied joint effect analysis to examine the combined contribution of population
category and HIV status on services utilization.15 For the joint effect analyses, we excluded
patients for whom HIV status was not recorded in the EHR to create a six-category variable
examining population group (truckers, sex worker, community members) by HIV status (positive/
negative). We hypothesized that mobile groups (truckers and sex workers) that were HIV-positive
more frequently sought services and were most likely to visit multiple clinics in different countries,
thus the reference category was the group that represented the least risk, community residents that
were HIV-negative.
Other co-variates
North Star Alliance roadside clinics collect demographic information from all new patients
(date of birth, gender, and marital status). As the literature suggests that age and gender are
associated with differences in healthcare service utilization,16 we included both as co-variates in
our adjusted model. We calculated age from the patient’s date of birth. We present mean age by
population group and analyzed age continuously. Sex was analyzed as a dichotomous variable
(female/male). Studies also suggest that marriage and marital trajectories are associated with health
seeking behavior,17 thus we included marital status in the final adjusted models. Marital status was
reported as cohabitating/married (monogamous or polyamorous) vs. single separated, divorced or
widowed.
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Statistical analysis
We described the sample overall and by population category. Chi-Square tests were used to assess
the differences for categorical variables, and Wilcoxon Rank Sum tests for continuous age. We
examined the association between population group and frequency of clinic visits using negative
binomial regression and fitted log-binomial models for the dichotomous measures of multiple
clinic and cross-country service utilization. For all models, we first assessed the crude relationship
between population group and service utilization outcomes. We then examined the association
between population group and service utilization, adjusting for theoretically relevant demographic
characteristics (age, gender, marital status), and then HIV status. A cross-product term between
population group and HIV status was added to the equation to test for interaction. The final analytic
model estimated the joint effect of population and HIV status on the use of health services,
adjusting for all demographic co-variates. All analyses were conducted on SAS version 9.4 (Cary,
NC) and statistical significance was based on a two-sided p-value <0.05.
RESULTS
Description of participants
Descriptive statistics for the sample are presented in Table 1 by population category. The
average age across the sample was 34.20 years. The majority of patients were men (59.2%) and
most were married or co-habitating (59.2%). Overall, one-fifth (20.2%) of patients visited North
Alliance clinics more than once, and among patients that had more than one visit, 4.3% visited
multiple clinics in the network, and 1.4% visited clinics in different countries. Approximately onethird (36.2%) of all patients were not tested for HIV at a North Star Alliance clinic during the study
period, 61.7% were tested HIV-negative, and 2.1% were HIV-positive.
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Truckers were the largest population group in the study sample (40.8%), followed by
community residents (38.1%), and sex workers (21.1%).

Nearly one-quarter (23.2%) of

community residents had more than one clinic visit, 17% of truckers, and 20.9% of sex workers.
Among patients that had multiple clinic visits, 8.3% of truckers used services in multiple clinics,
1.6% of community residents, and 3.3% sex workers (p<.001). Levels of cross-country services
utilization also varied: 3.2% of truckers, 0.46% of community residents, and 0.5% of sex workers
used services in different countries (p<.001). Almost one-third (28.6%) of community residents
were not HIV tested, 69.2% were HIV-negative, and 2.2% were HIV-positive. Among truckers,
41.8% were not tested, 56.7% were HIV-negative, and 1.5% were HIV-positive. For sex workers,
39.0% were not tested for HIV, 57.8% were HIV-negative, and 3.2% were HIV-positive (p<.001).
Truckers were older on average (36.86 years) compared to community residents and sex workers
(34.42 years and 28.66 years, respectively, p<.001). Most truckers (99.2%) were men, while 48.3%
community residents and 1.6% of sex workers were men (p<.001). Finally, 61.1% of community
residents and 79.5% of truckers were married or co-habitating, but only 16.8% of sex workers
were married or co-habitating (p<.001).
Number of clinic visits
Negative binomial regression models are presented in Table 2. Model 1 shows the crude
association between population group and the frequency of clinic visits. Compared to community
residents, truckers visited clinics 10% less often (IRR=0.89, 95% CI=0.887-0.901), whereas sex
workers visited clinics only slightly less (IRR=0.98, 95% CI=0.967-0.984). In the multivariable
model adjusted for age, gender, and marital status (Model 2), the associations persisted for truckers
and sex workers (IRR=0.93, 95% CI=0.917-0.934, and IRR=0.97, 95% CI=0.955-0.975,
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respectively). In the final multivariable model that included HIV status (Model 3), the association
held for truckers (IRR=0.96, 95% CI=0.950-0.967) but was not significant for sex workers.
Table 3 presents the joint effect results for population group and HIV status for number of
visits (p-value for interaction <.001). Community residents that were HIV-positive visited clinics
nearly times more than those that were HIV-negative (IRR=2.87, 95% CI=2.481-3.330). While
HIV-negative truckers visited clinics 6% less times than HIV-negative community residents
(IRR=0.94, 95% CI=0.926-0.948), HIV-positive truckers visited clinics 3.61 times more (95%
CI=1.064-1.149). Sex workers who were HIV-negative visited clinics slightly more than HIVnegative community residents (IRR=1.02, 95% CI=1.006-1.033) while HIV-positive sex workers
visited clinics nearly four times more (IRR=3.89, 95% CI=3.515-4.310).
Multiple clinic service utilization
Table 4 presents prevalence ratios for service utilization in multiple clinics by population
group. Results in the crude analysis (Model 1) indicate that truckers were more than five times
more likely than community residents to use services at multiple clinics (IRR=5.16, 95%
CI=4.626-5.764), and sex workers were approximately twice as likely (PR=2.06, 95% CI=11.7952.368). After adjusting for age, gender, and marital status (Model 2), the associations between
population group and service utilization remained for both truckers and sex worker (PR=4.79, 95%
CI=4.116-5.575, and PR=2.35, 95% CI=1.985-2.779, respectively). In the final model that also
adjusted for HIV status (Model 3), truckers were almost five times as likely to use multiple clinics
(PR=4.77, 95% CI=4.100-5.555) than community residents, and the association held for sex
workers (PR=2.34, 95% CI=1.976-2.767).
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The results from the interaction analysis indicated that nearly all population groups and
HIV status categories were statistically significant when compared to HIV-negative community
residents (p<.001). Compared to HIV-negative community residents, service utilization at multiple
clinics was not significantly different for community residents that were HIV-positive (Table 5).
HIV-negative truckers were 4.58 times more likely to use services in multiple clinics (CI
95%=3.893-5.380) and HIV-positive truckers were 5.45 more likely to use services at multiple
clinics (95% CI=2.772-10.720). For sex workers, the results were only significant for HIVnegative sex workers, who were 2.37 times more likely to use services in multiple clinics than
HIV-negative community residents (95% CI=1.988-2.832).
Cross-country service utilization
The crude and adjusted associations between population category and cross-country
service utilization are shown in Table 6. In the crude model (Model 1), truckers were nearly seven
times more likely to use services in different countries than community residents (PR=6.94, 95%
CI=5.669-8.497), while the results for sex workers were not significant. In the models that adjusted
for age, gender, and marital status (Model 2), the association was attenuated for truckers but still
statistically significant (PR=5.09, 95% CI=3.895-6.645) and sex workers had significantly higher
prevalence of cross-country clinic access (PR=2.04, 95% CI=1.404-2.958). These associations
remained generally the same for truckers and sex workers when adjusted for HIV status in Model
3 (PR=4.94, 95% CI=3.779-6.455, and PR=1.98, 95% CI=1.363-2.873, respectively).
Interaction analysis showed there was a significant interaction between population
category and HIV status (p<.001). In the joint analysis of population category and HIV status
including all co-variates (Table 7), relative to HIV-negative community residents, there was no
significant difference in cross-country service utilization for community residents that were HIV88

positive. All truckers had a greater prevalence of service utilization: HIV-negative truckers were
more than five times more likely to use services in multiple countries (PR=5.12, 95% CI=3.7806.933), and HIV-positive truckers were nine times more likely to use cross-country services
(PR=9.01, 95% CI=3.326-24.410). HIV-negative sex workers were 2.10 times more likely to visit
clinics in different countries (95% CI=1.397-3.143), while the results were not significant for HIVpositive sex workers.
DISCUSSION
This study investigated the relationship between population category and service utilization
across a network of roadside clinics in sub-Saharan Africa. Our findings show that truckers and
sex workers are leveraging the international network of clinics more than community residents,
suggesting that the North Star Alliance model (i.e. locating services in transport hubs near trucker
parking stations with extended clinic hours) may increase accessibility of services among mobile
groups. However, only about 4% of the patient population used multiple clinics, and an even
smaller proportion used cross-country services. Regression analyses indicated that frequency of
clinic utilization among population groups were comparable, with truckers visiting clinics slightly
less than community residents.
We hypothesized that mobile populations that were HIV-positive would be more likely to
use services at multiple sites and in difference countries, and our results showed that population
group and HIV status both affected use of health services. Truckers were nearly five times more
likely to use services in different clinics and countries, and when we examined population group
and HIV status, HIV-positive truckers were more than five times more likely to use services in
multiple clinics, and nine times more likely to use cross-country services. Our findings provide
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further insight on previous research about health seeking behavior among truck drivers. While
there is limited research on healthcare utilization among truck drivers, a cross-sectional survey
among truck drivers in Mozambique found that only one-quarter (26.7%) had received medical
care in the past year.18 A study along the Mombasa–Kampala trans-Africa highway found that
three-quarters (77.2%) of truck drivers reporting being symptomatic for a sexually transmitted
infection, sought health services within a week of onset, and the majority (94%) were treated at a
private health facility.19 The studies suggest that while truck drivers may not regularly seek health
services, they prioritized healthcare when they identified an issue they believed was urgent, and
that private clinics were more accessible than public clinics. Studies sub-Saharan Africa have also
highlighted challenges in engaging men in health services, in part because of HIV-related
stigma20,21 and identified a need ‘majority-male’ spaces that offered health services.21 The majority
of truckers and North Star Alliance patients are men, suggesting that roadside clinics that focus
on the health of occupational groups may address stigma and normalize healthcare among men.
The results for sex workers were less consistent. Sex workers were more than twice as likely to
seek services at different clinics and countries compared to community residents, and the
association held for HIV-negative sex workers in the joint effect model. While the prevalence
ratios for services utilization were not significant for HIV-positive sex workers, the direction of
the associations suggests they are more likely to than HIV-negative community residents and sex
workers to use services in different clinics and countries. In line with previous research, all HIVpositive patients, even community residents who we assumed were not as mobile as truckers or
sex workers, had a higher prevalence of cross-country service utilization compared to community
residents who were HIV-negative. These results are not entirely surprising. The literature suggests
that HIV-positive patients may seek services further from their home because of stigma related to
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HIV status and concerns about privacy.1-5,12 Previous studies have established the relationship
between HIV risk and population mobility,22-25 and highlight how forms of population movement
are diverse and context-specific, and may or may not be driven by occupation.22 For community
residents that are HIV-positive, the relationship between cross-country service utilization and HIV
status may be bi-directional: they may often travel and thus are more likely to be HIV-positive or
they may intentionally travel to seek HIV services away from their community. Future research
should consider non-occupational mobility to examine how other forms of population mobility
shape healthcare utilization.
Finally, researchers and advocates have called for the implementation of cross-border
health passports10,26,27 to improve health access for mobile populations and enable information
sharing among medical providers in different countries. This unique cross-country study
demonstrates the feasibility of implementing such a system, and the potential for an integrated
EHR system to better coordinate and monitor population health across regions and national
borders.14
Limitations
This study has several limitations that should be considered when interpreting the results.
Demographic information about occupation is based on self-report and subject to reporting errors,
including social desirability bias. For sex workers, stigma related to occupation may result in
underreporting. However, the North Star Alliance’s patient-centered approach should increase the
acceptability of services among sex workers and reduces concerns about disclosing sensitive
information, minimizing misclassification related to occupation.
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Some patients may be registered under a different identity and patient ID for different
visits, which would limit our ability to link patient records. This might occur on purpose, if some
patients give a false name to prevent specific services from being linked to them in their records,
or by accident if they forget their clinic card with their ID number and their name is misspelled
upon data entry. For analysis, we combined patient records based on patient ID. If records could
not be matched, patients would appear to have fewer visits, and lower utilization of services across
sites and countries misclassification of service utilization which would potentially bias the results
toward the null. However, we did find significant associations for population category and service
utilization outcomes. Therefore, we believe that duplicate entries for the same patients were
minimal.
There may be misclassification due to data entry errors. However, as key variables in these
analyses were auto populated in the EHR (i.e., service site, country), data entry errors should not
be substantial. Although the sources of misclassification identified are likely to be non-differential
for mobile groups, there is a possibility for differential misclassification, which could bias the
association either away or towards the null. While findings may extend to mobile groups and
other communities located near transport corridors, individuals that accessed services at roadside
clinics likely differ in their health seeking behavior from those who do not use those services. By
using EHR data to study healthcare utilization of mobile groups, we may have introduced residual
confounding based on our sampling approach. As results, both mobile and non-mobile groups may
appear to have higher levels of service utilization.
Lastly, we did not examine the type of service that patients used when they visited North
Star Alliance clinics or other factors that may shape health seeking behavior (i.e., time of clinic
visit, day of the week). While information about services accessed would be useful for
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understanding motivations for seeking care, and contextual factors may explain trends in service
utilization, the structure of the data did not allow for more granular analyses.
Even with these limitations, the results of this study provide insight on patterns of services
utilization among hard-to-reach groups in sub-Saharan Africa and highlight strategies to improve
uptake of healthcare services among truckers and sex workers, such as locating healthcare services
near transport corridors and expanding clinic hours to accommodate work schedules. While these
features address some of the barriers to care for my mobile groups, they also may increase
acceptability of services among other occupational groups that were not specifically examined but
face similar work-related constraints. The focus on truck drivers may also increase acceptability
of services among men in the local community and address stigma associated with healthcare
utilization.21 Findings from this research may help guide program planners and managers in
designing health programs that address gender differences in services utilization and reach groups
at-risk of chronic health conditions, including HIV.
CONCLUSION
Our findings show that population group, which vary in type of mobility, and HIV status
were associated with the use of services in different clinics and countries. Further, HIV-positive
patients in each population group visited clinics more frequently and returned to clinics for ongoing care. Especially as clinics in sub-Saharan Africa look to leverage HIV services as a platform
for providing healthcare for other chronic conditions and non-communicable diseases,28 the North
Star Alliance model may be an effective approach for engaging mobile and non-mobile
populations in longer-term care. Particularly for HIV-positive community residents that used
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cross-country services, further research is needed to understand why they seek care in different
countries, and to what extent mobility or HIV-related stigma may shape healthcare utilization.
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Figure 1. Flow diagram of the selection process for the sample of North Star Alliance patients
included in analysis of number of visits.
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Figure 2. Flow diagram of the selection process for the sample of North Star Alliance patients
included in analysis of multiple site and cross-country service utilization.
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Table 1. Frequencies and percentages* for baseline sample of North Star Alliance patients by population category: Service utilization, 2013-2016

Total

Characteristics
Total
≥2 clinic visits
Yes
No
Multiple clinics**
Yes
No
Cross-country clinics**
Yes
No
HIV status
Negative
Positive
Not screened
Age (number)
Mean (range, SD)
Sex
Women
Men
Marital Status
Single
Married/co-habitating

n/N
269878

(%)
100.0

Community
residents
N
(%)
102679
38.1

Truckers
n
110142

Sex Workers

(%)
40.8

n
57057

P-value

(%)
21.1
<.001

54443/269878
215435/269878

20.2
79.8

23801
78878

23.2
76.8

18737
91405

17.0
83.0

11905
45152

20.9
79.1
<.001

2341/54443
52102/54443

4.3
95.7

384
23417

1.6
98.39

1561
17176

8.3
91.7

396
11509

3.3
96.7

771/54443
5367254443

1.4
98.6

110
23691

0.46
99.54

601
18136

3.2
96.8

60
11845

0.5
99.5

166540/269878
5719/269878
97619/269878

61.7
2.1
36.2

71100
2267
29312

69.2
2.2
28.6

62440
1627
46075

56.7
1.5
41.8

33000
1825
22232

57.8
3.2
39.0

<.001

<.001

<.001
34.20 (9.17, 18-100)

34.42 (12.02, 18-100)

36.86 (9.17, 18-100)

28.66 (6.62, 18-100)
<.001

110093/269878
159785/269878

40.8
59.2

53071
49608

51.7
48.3

858
109284

0.8
99.2

56164
893

98.4
1.6

110051/269878
159827/269878

40.8
59.2

39989
62690

39.0
61.1

22608
87534

20.5
79.5

47454
9603

83.2
16.8

<.001

*Column
**Only

percentages presented for all categories.
included patients that had ≥2 clinic visits.
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Table 2. Crude and adjusted negative binomial regression models: Number of clinic visits, 2015-2016
Variable
Population
Community resident
Trucker
Sex worker
Demographics
Age
Men (ref=women)
Married/Co-habitating (ref= single)
HIV status
Negative
Positive
Not tested

Model 1
(N=269878)
IRR (95% CI)
(ref)
0.89 (0.887-0.901)
0.98 (0.967-0.984)

p

Model 2
(N=269878)
IRR (95% CI)

<.001
<.001

(ref)
0.93 (0.917-0.934)
0.97 (0.955-0.975)
1.01 (1.007-1.008)
0.92 (0.909-0.928)
0.96 (0.955-0.970)

p

Model 3
(N=269878)
IRR (95% CI)

p

<.001
<.001

(ref)
0.96 (0.950-0.967)
1.00 (0.994-1.015)

<.001
0.429

<.001
<.001
<.001

1.01 (1.005-1.006)
0.96 (0.948-0.966)
0.96 (0.949-0.964)

<.001
<.001
<.001

(ref)
0.68 (0.670-0.680)
1.08 (1.063-1.107)

<.001
<.001

Model 1 was the crude analysis.
Model 2 controlled for age, sex, and marital status.
Model 3 included the model 2 variables plus HIV status.
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Table 3. Adjusted joint effect negative binomial regression model: Number of clinic visits, 2015-2016
Variable
Population and HIV status
Community resident/ HIVCommunity resident/ HIV+
Trucker/HIVTrucker/HIV+
Sex worker/HIVSex worker/HIV+
Demographics
Age
Men (ref=women)
Married/Co-habitating (ref= single)

Number of clinic visits
(N=170192)
IRR (95% CI)

p

(ref)
2.87 (2.481-3.330)
0.94 (0.926-0.948)
3.61 (3.232-4.027)
1.02 (1.006-1.033)
3.89 (3.515-4.310)

<.001
<.001
<.001
0.003
<.001

1.01 (1.006-1.007)
0.95 (0.941-0.964)
0.95 (0.933-0.956)

<.001
<.001
<.001
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Table 4. Crude and adjusted log-binomial regression models: Multiple clinic utilization, 2015-2016

Variable
Population
Community resident
Trucker
Sex worker
Demographics
Age
Men (ref=women)
Married/Co-habitating (ref= single)
HIV status
Negative
Positive
Not tested

Model 1
(N=54443)
PR (95% CI)

p

(ref)
5.16 (4.626-5.764)
2.06 (1.795-2.368)

<.001
<.001

Model 2
(N=54443)
PR (95% CI)

p

Model 3
(N=54443)
PR (95% CI)

p

(ref)
4.79 (4.116-5.575)
2.35 (1.985-2.779)

<.001
<.001

(ref)
4.77 (4.100- 5.555)
2.34 (1.976-2.767)

<.001
<.001

1.00 (1.000-1.008)
1.07 (0.887-1.295)
1.19 (1.076-1.316)

0.077
0.472
<.001

1.00 (1.000-1.008)
1.07 (0.883-1.290)
1.19 (1.078-1.318)

<.001
<.001
<.001

(ref)
1.09 (0.969-1.219)
1.14 (0.912-1.426)

<.001
<.001

Model 1 was the crude analysis.
Model 2 controlled for age, sex, and marital status.
Model 3 included the model 2 variables plus HIV status.
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Table 5. Adjusted joint effect log-binomial regression model: Multiple clinic utilization, 2015-2016

Variable

Multiple clinic utilization
(N=48644)
PR (95% CI)

Population and HIV status
Community resident/ HIVCommunity resident/ HIV+
Trucker/HIVTrucker/HIV+
Sex worker/HIVSex worker/HIV+
Demographics
Age
Men (ref=women)
Married/Co-habitating (ref= single)

p

(ref)
1.17 (0.168-8.205)
4.58 (3.893-5.380)
5.45 (2.772-10.720)
2.37 (1.988-2.832)
0.71 (0.101-5.041)

0.872
<.001
<.001
<.001
0.735

1.00 (0.999-1.008)
1.08 (0.887-1.322)
1.13 (1.013-1.258)

<.001
<.001
0.028
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Table 6. Crude and adjusted log-binomial regression models: Cross-country services utilization, 2015-2016

Variable

Model 1
(N=54443)
PR (95% CI)

Population
Community resident
Trucker
Sex worker
Demographics
Age
Men (ref=women)
Married/Co-habitating (ref= single)
HIV status
Negative
Positive
Not tested

(ref)
6.94 (5.669-8.497)
1.09 (0.797-1.493)

Model 2
(N=54443)
p

<.001
0.588

PR (95% CI)
(ref)
5.09 (3.895-6.645)
2.04 (1.404-2.958)
1.00 (0.990-1.004)
1.36 (0.954-1.945)
3.26 (2.582-4.121)

Model 3
(N=54443)
p

PR (95% CI)

p

<.001
<.001

(ref)
4.94 (3.779-6.455)
1.98 (1.363-2.873)

<.001
<.001

0.443
0.089
<.001

1.00 (0.992-1.006)
1.32 (0.922-1.882)
3.29 (2.605-4.163)

0.736
0.130
<.001

(ref)
1.65 (1.383-1.967)
2.14 (1.550-2.966)

<.001
<.001

Model 1 was the crude analysis.
Model 2 controlled for age, sex, and marital status.
Model 3 included the model 2 variables plus HIV status.
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Table 7. Adjusted joint effect log-binomial regression model: Cross-country services utilization, 2015-2016

Variable

Cross-country services utilization
(N=48644)
PR (95% CI)

Population and HIV status
Community resident/ HIVCommunity resident/ HIV+
Trucker/HIVTrucker/HIV+
Sex worker/HIVSex worker/HIV+
Demographics
Age
Men (ref=women)
Married/Co-habitating (ref= single)

p

(ref)
5.52 (0.788-38.693)
5.12 (3.780-6.933)
9.01 (3.326-24.410)
2.10 (1.397-3.143)
4.77 (0.665-34.161)

0.085
<.001
<.001
<.001
0.120

1.00 (0.990- 1.006)
1.29 (0.868-1.902)
3.19 (2.449-4.149)

0.551
0.210
<.001
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CHAPTER 5
Conclusion
The use of electronic records to monitor the health of mobile populations in Africa—
challenges and opportunities
SUMMARY
The research presented in this dissertation focused on the health of occupational groups
with high levels of work-related mobility (truck drivers and sex workers) in sub-Saharan and
investigated chronic health conditions (hypertension and overweight status) that previously had
not been well studied among these groups in the region. This research also examined service
utilization across regional and national boundaries for these groups and tested if associations
differed by human immunodeficiency virus (HIV) status. Overall, findings support the hypothesis
that truckers and sex workers have a higher burden of chronic health conditions compared to
community residents, although HIV-negative truck drivers were more likely to have been
diagnosed with chronic health conditions than all other populations and HIV status groups. The
findings suggest that receipt of HIV testing services was associated with a lower prevalence of
screening for chronic health conditions, and the magnitude of the negative association varied by
region. Finally, truckers and sex workers were more likely to visit multiple clinics, and HIVpositive patients in all groups were more likely to leverage services in different countries. From a
research perspective, there is a need for future studies to examine more specific elements of workrelated activities that shape cardiovascular health in the context of HIV in Africa, and the potential
to integrate HIV screening and prevention services with screening for chronic health conditions.
Study findings emerged from a unique and rich data source involving electronic health records
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(EHR) of patients receiving care at roadside clinics in Africa. However, the data may have been
limited by donor funding requirements, regional differences in reporting, and a lack of
routinization of screening for chronic health conditions at the clinic level. As EHR gain traction in
Africa, there will be a need to strengthen staff training, develop policies for EHR implementation
within and across clinic sites, and develop quality assurance workflows to ensure data quality for
both research purposes and monitoring of health outcomes for patients.
The following sections of this chapter describe concluding remarks for Chapters 2-4 (Aims
1-3 respectively) followed by a case study approach describing practical implications of the use of
EHR data to understand and address chronic health conditions in the African context. This latter
section emerged from field visits conducted as part of this dissertation and is now included as an
additional paper to be submitted for publication but not initially planned as a specific research
paper.
Key Research Findings for Aims 1-3
Aim 1 of the present dissertation examined if the prevalence of chronic health conditions
(hypertension and overweight status) for truckers and sex workers and tested if this association
was modified by HIV status. While truckers had a greater prevalence of hypertension and were
more likely to be overweight, the results for sex workers were not as consistent. Future research
should investigate work conditions and activities that may explain the decreased hypertension
prevalence we observed among sex workers, despite being more likely to be overweight. We also
hypothesized that HIV infection would exacerbate disparities in chronic health conditions, but
instead we found that people living with HIV (PLWHIV) in all population categories had a lower
prevalence of hypertension and overweight status relative to those who were HIV-negative within
their population group. While anti-retroviral therapy (ART) can mitigate the effect of HIV-related
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metabolic alterations and wasting, we were not able ascertain if patients were engaged in HIV
treatment from these data. The World Health Organization updated guidance at the end of 2015
to promote universal access to HIV treatment and immediate initiation of ART for all PLWHIV,
and North Star Alliance clinics began offering ART in 2017. Lowers levels of obesity and
hypertension observed among PLWHIV may be attributed to lack of engagement in HIV
treatment. Further, even among truckers, there is variation is in salary, and some may struggle with
food security. Subsequent studies should investigate if engagement in HIV care and other factors,
such as socioeconomic status, modify the association with chronic health conditions for PLWHIV.
The second study (Aim 2) assessed if HIV testing services were associated with screening
for chronic health conditions (hypertension and diabetes), to suggest the potential integration of
these services in Africa. Given that screening for chronic health conditions was associated with
HIV care in previous research,1,2 we hypothesized that receipt of HIV testing services would
similarly facilitate access to screening for other health conditions. In fact, our findings suggest that
HIV testing was associated with a lower likelihood of screening for hypertension or diabetes. We
also found there were disparities in screening by region that may be attributed to differences in
clinical operations and reporting procedures. The results of the analyses, combined with our
observations from site visits, highlighted low-threshold opportunities to support service integration
by training lay health workers to conduct screening and risk assessments for chronic health
conditions in tandem with HIV testing, and by continuing to strengthen provider-initiated HIV
testing during primary health care visits.
The final paper (Aim 3) compared service utilization between mobile and non-mobile
groups, specifically examining number of clinics visits, utilization of multiple clinics, and clinics
in different countries. The frequency of clinic visits was comparable among all groups, and truck
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driving and sex work were more likely to use of services in multiple clinics. We anticipated that
mobile groups would use services in different countries but were surprised to observe this was also
true for community residents that were HIV-positive, who we assumed were less mobile.
Additional research is needed to understand motivations for using cross-country services. Since
we only examined mobility in the context of work, future research should also assess to what extent
non-occupational mobility or HIV-related stigma as well as ART eligibility may shape healthcare
utilization among PLWHIV.
Although important insights about the health of mobile populations emerged from this
dissertation, the use of EHR data presented a challenge for estimating the prevalence of understudied chronic health conditions and service utilization. With these challenges in mind, we
developed a case study about the process of using EHR data to study the health of mobile groups.
In the present paper, we reflect on key decisions related to study design, describe the process of
preparing data for analyses, and identify policy considerations to improve data quality.
CASE STUDY
In recent years, the use of EHR has expanded in clinics and hospitals globally. Studies have
demonstrated the potential of EHR to enhance clinical practice,3 support continuity of care,4 and
allow for data-sharing between medical providers.5,6 Public health researchers have also leveraged
EHR data for disease surveillance and to study population health, particularly the health of
vulnerable populations.7,8 Community-based clinics are well-situated to reach groups that may not
access services at higher level facilities, and can provide information not collected in surveys,
including information about risk factors, health behaviors, and primary health care measure.4,9 Yet,
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though there has been a surge of EHR-based research, there are still many challenges in using EHR
data to monitor health, especially at clinics in developing countries.
In sub-Saharan Africa, there is little information about the health status of mobile
populations or their health seeking behavior. Studying longer-term health outcomes for mobile
populations is methodologically challenging because they are transient. They are often overlooked
by population-based surveys because they are not physically present when surveys are conducted,
and they may not be eligible to use public health clinics in countries where they are not legal
residents, and thus, are not included in disease registries or other systems for routine data
reporting.4 EHR data could potentially fill gaps in information about mobile groups, though public
clinics do not offer cross-country services, and mobile groups may seek health care at multiple
clinics in different countries. Advocates and researchers in sub-Saharan Africa have promoted the
concept of a regional ‘health passport’10-12 to facilitate health care access for mobile groups, enable
data-sharing between clinical providers, and monitor populations health. However, while countries
in sub-Saharan Africa have made significant progress in rolling-out EHR systems,13 particularly
for HIV care,14 technical, financial, legal, and political barriers limit the feasibility of a
transnational health information system.6
Therefore, this case study describes our experience using EHR data from an international
network of roadside clinics in sub-Saharan Africa to study the health of mobile groups. We initially
believed the main challenge in evaluating chronic health conditions and utilization of services for
mobile groups would be methodological, but we found that difficulties had less to do with the
cross-country nature of the data, and were more related to an audit culture that prioritized donor
reporting in the health sector.15,16 Disease-specific funding has bolstered services for HIV
prevention and treatment in Africa, as non-HIV services and national surveillance systems have
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deteriorated.15-18 Consequently, data collection and management in many clinical settings is
focused on HIV services for the purposes of donor accountability. Thus, while our intention in this
review is to highlight challenges in operationalizing EHR-based research in sub-Saharan Africa,
we raise important considerations related to international aid and healthcare financing that are
linked to data governance. While some of the issues discussed in this paper are particular to this
type of large transnational clinical network, most are characteristic of low-resource medical
settings in developing countries.
Description
The North Star Alliance is a non-governmental organization (NGO) that runs a network of
roadside clinics located at border posts, ports, and in transit towns in 12 countries in Africa. The
first clinics were established in 2006 to provide HIV testing and prevention services to truckers,
and later expanded services to sex workers and community residents. Clinics have also services
to include treatment for HIV as well as other acute and chronic health conditions. All services
provided and referrals are reported in the EHR system, which is housed on a secure server in South
Africa. Patient records are internet-accessible from all sites within the network, allowing clinicians
to look-up patient medical history.19 At initial registration, each patient is assigned an identification
number (ID), and provided a referral card with the unique ID. This number is used to link data
across sites and query patient information. The North Star Alliance EHR system is exceptional in
that it can track cross-country services in sub-Saharan Africa.
While clinics in the network are managed by the North Star Alliance, they are integrated
into the public health system of the country of location. At some sites, for example, government
nurses are based at roadside clinics. As part of a broader sustainability plan, several clinics have
‘graduated’ into the national health system and are no longer affiliated with the organization.
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Accordingly, North Star Alliance roadside clinics face many of the same challenges as public
clinics in the region, including limited staff, supplies, and materials, and an enduring dependency
on donor funding to finance health programming. The dynamics of the partnership with donors is
key in understanding some of the underlying causes of the data issues.
For this case study, we drew on our experience using EHR data from the North Star
Alliance network as well as observations from clinic site visits in Kenya (Mlolongo and Maai
Mahiu) and South Africa (Cato Ridge) between August and September 2018. The clinical sites we
visited were purposively selected to represent the two regions where North Star Alliance operates,
include at least one clinical site with laboratory capacity, and was also based on accessibility to
researchers.
Clinic managers were interviewed at all three sites and asked about the patient flow,
screening protocol, diagnostic technologies, treatment and referrals, and data collection. A sitespecific aggregate data summary of service delivery was generated from EHR extracts before the
site visits. During each visit, the clinic manager was asked to provide feedback about trends,
patterns of service utilization, and to identify gaps in data reporting. Additionally, we also met
with regional office staff and monitoring and evaluation managers to discuss data management
activities and quality assurance.
FINDINGS
Missing data
The biggest drawback of using EHR data to study population health is the volume of
missing data. Electronic records intend to capture information to guide clinical practice, not
necessarily to provide reliable data for research. Whereas traditional epidemiological studies have
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rigorous protocols to ensure completeness of data, it is common to find that the number of missing
values in EHR data far exceeds values reported, particularly for primary health care measures.20
If information is not reported in the EHR, researchers generally cannot distinguish if the data is
missing, if there is a negative value for that field, or if the patient was not assessed for the condition
at all, potentially leading to bias estimates.8,21 In our study there was a high level of missing data,
particularly for measures used to monitor chronic health conditions. For example, at one clinical
site in East Africa, weight and height were reported for one-third (33%) of patient visits, and blood
pressure was entered for 1.2% of visits. Like many clinics in sub-Saharan Africa, roadside clinics
maintain a paper-based registry, and later enter data into the EHR, though the clinic manager noted
that HIV indicators were prioritized for data entry. Based on the EHR data extract alone, we could
not determine if primary health care measures had been collected and were not transferred into the
EHR or if patients were simply not screened.
One of the advantage of using EHR data is that we have sufficient sample size to look at
sub-groups.4,7 Given the extent of missing data in the North Star Alliance EHR, we conducted
complete case analysis20 and excluded patients from our analysis that did not have primary health
care measures reported. Although we included key covariates in our analytic models that were
through to be proxy measures for differences in screening practices (e.g., age) and reporting
patterns (e.g., region) across the network, the high volume of missing data is a substantial
limitation in using EHR data to estimate disease burden and undermines the external validity of
our results and limits the generalizability of findings. Several studies have validated EHR data by
comparing estimates generated from EHR extracts to survey data.4,9,22 However, given the
difficulty of reaching mobile populations via population-based surveys, and the limited
information about chronic health conditions among these groups, we were not able to apply this
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validation method. While there are technical solutions that may help address missing data (e.g.,
prompts in the EHR to ensure clinicians are reporting all required fields), these may not be possible
to implement if providers do not consistently have access to computers and internet. Other best
practices to improve data quality include: routine data quality checks, training on data entry to
standardize reporting, and direct communication with staff that enter the data to clarify data issues
and on-going challenges with data reporting.23
Data quality
Even though North Star Alliance clinics have expanded services beyond HIV to address
other conditions, the EHR system was initially developed to capture HIV services, and the EHR is
still HIV-oriented. While data fields related to HIV services are structured, fields for non-HIV
services are unstructured, making it challenging to query and analyze data. For example, HIV
testing has three possible outcomes that are pre-set in the EHR: ‘positive,’ ‘negative,’ and
‘undetermined,’ allowing us to classify the HIV-status of each patient tested. In contrast, the
primary health care diagnosis field that is used to report all other medical conditions is an open
text field. Since clinicians type the condition into an unstructured field, a condition may be reported
any number of ways. Hypertension, for example, was recorded as: ‘complicated hypertension,’
‘uncomplicated hypertension,’ and ‘elevated blood pressure.’ Though the intuitive auto-text
feature of the EHR helped standardize how conditions are recorded, the reporting practices likely
vary by site and clinical provider. It is also worth noting that only one diagnosis could be entered
for each visit. When researchers reviewed all primary health care diagnoses reported in the EHR,
several other conditions related to hypertension (e.g., cardiovascular disease) were listed,
suggesting that our study estimates may have overlooked cases with multi-morbidities (i.e.,
multiple chronic health conditions).
114

In addition to the difficulties we encountered using unstructured fields to assess chronic
health conditions, we also found out-of-range entries for biomarkers with continuous measures.
For example, 0.5% of all blood pressure readings were biologically implausible. One way some
data systems ensure data quality is by incorporating validations (e.g., parameters for numeric
fields) to guarantee that measures fall within a physiologically acceptable range.24 The lack of
structured fields and parameter validations not only have implication for research and disease
surveillance, it limits the use of data to manage chronic conditions.
Outcome measures
Ascertaining clinical outcomes using EHR data can be tricky because information is
intended to capture onset of an illness or an acute event, not necessarily to record on-going health
status.4,8 A condition may not be recorded in the EHR during a routine visit if the patient was
previously diagnosed (e.g., asthma) and there are no clinically significant updates.4,7 Particularly
for cross-sectional studies, we may miss an event if outcome measures are not reported during the
observation period. In some cases, previously diagnosed conditions may be reported via other
measures (i.e., referral or treatment) which can be used to infer a previous diagnosis. In our study,
HIV status was determined by HIV test results, and for patients that were previously diagnosed,
or tested outside of the North Star Alliance network, self-reported HIV positive status. However,
this could potentially introduce bias if the absence of a condition is not captured (e.g., self-reported
HIV negative status). Leveraging all available measures in the EHR to ascertain outcomes is a
useful strategy to deal with the episodic nature of clinic-based data.
Yet, while combining measures is one way to deal with the limitations of EHR data,
particularly for chronic health conditions, it is not always feasible. We also intended to estimate
the prevalence of diabetes in our study but found that clinical sites were referring suspected
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diabetes cases to external clinics for laboratory confirmation with an A1c hemoglobin test. Though
we could have ascertained diabetes based on patient self-reported diagnosis, we decided to exclude
diabetes from our analysis, assuming that patients who were diagnosed at clinics outside of the
network would establish care at that clinic, potentially censoring our data at the point of diagnosis.
Inflexible data system
Much of the frustration with EHR stem from the rigidity and inflexibility of data systems,25
and North Star Alliance staff echoed the challenges of working with a data system that was not
able to adapt to the changing landscape of population health. Although the EHR was tailored to
the organization’s original specifications, the data system is hard-coded and requires a skilled IT
developer to make changes. Thus, there have been minimal updates since the EHR was set-up.
With limited resources to update the system, yet constantly compelled to add indictors to fulfill
donor reporting expectations, comply with national guidance in each country, pilot new programs,
and investigate research questions, managers have accepted theses limitation and created parallel
reporting systems, that have resulted in duplicative data entry and reduced data quality. The
organization is investigating options for a new health information system, though data system
development is a lengthy process that will also require the agency to re-envision data governance
and engage a range of stakeholders.
Reporting requirements
The data quality issues we encountered in our study were largely rooted in the complexity
of the North Star Alliance’s reporting requirements. Although the network operates as a unified
health system connected through a single health information system, clinics are responsible for
reporting key indicators to local health officials, national ministries, and to donors. Donors
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generally fund disease-specific services26 and expect that grantees already have adequate
infrastructure in place to monitor programs.27 The structure of funding also presents a challenge
for organizations that provide services in a transnational context as most donors enter into bilateral
agreements for country-specific programming.

Thus, reporting expectations may differ by

country, program, population, and vary in the scope, timeline, and frequency of reporting.27 While
having to accommodate multiple reporting mechanisms is not unique to the North Star Alliance,
the international features of the network add to the difficulty of developing a harmonized system
for data management to respond to the demands of a diverse set of stakeholders.
Clinic managers reiterated the challenges of maintaining parallel reporting systems (i.e., EHR
system, national HIV registry, donor reporting mechanism). The North Star Alliance EHR system
is not able share data with other information systems. Further, because the web-based EHR are not
always accessible, all clinics continue to use paper-based records and then transfer data into the
electronic platform. This creates an additional burden on clinicians that are not only tasked with
delivering care directly to patients and tracking services in clinic registries, but also must enter
data into the EHR system and conduct quality assurance activities. Further, clinicians cannot
review electronic records when they are with patients, limiting the use of electronic records to
inform patients, and potentially reducing the perceived importance of complete data entry.
Given the resource and time constraints, staff prioritized data entry to donor and government
oversight mechanisms, likely at the expense of routine reporting into the EHR.
THEMES
Our case study illustrates the challenges of working with EHR data in an international
primary health care setting that serves mobile populations in Africa. As North Star Alliance’s data
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system was fully integrated across the network, cross-country data-sharing was not a barrier.
However, we found there was a substantial amount of missing data, and primary health care
measures were unstructured and without parameter validations to ensure quality. The inflexibility
of the data system combined with onerous donor reporting expectations created a scenario where
clinicians were reporting the same indictors into multiple reporting systems, detracting from
service delivery and data quality.
Though there are adjustments IT developers can implement to support consistent and
accurate data reporting, the problem requires more than modifications in the EHR.

Real

improvements require a shift in the dynamics of global health partnerships, and how donors
collaborate with funded organizations.9,15,16,18 Funders need to consider the burden of data
collection28 as they are developing reporting requirements and reach consensus with funded
organizations about program objectives and realistic strategies to evaluate progress. Further,
donors should not assume that because data systems are currently in place that they can be
retrofitted for new services. There needs to be funding specifically allocated for enhancement to
data systems and on-going maintenance as programs and expectations evolve.

16,29,30

In the short-term, the North Star Alliance can try to improve data by training or re-training
staff, both clinicians and lay health works, in data entry to emphasize the importance of data
completeness and standardize how key measures are reported in the EHR. Further, regional
monitoring and evaluation managers and clinics managers should coordinate routine data checks
to reduce the overall amount of missing data and provide real-time feedback to staff about data
quality.
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CONCLUSION
Our research demonstrated the feasibility of using a transnational EHR data to study the
health of mobile populations and highlights the potential a robust cross-country EHR system can
have on healthcare quality and research. However, our study had many caveats, and challenges
remain in using EHR data to monitor the health status of mobile groups. Strategies to improve
data quality and meaningful use of EHR data will require a collaboration between donors, funded
organizations, and national governments for data governance and to mobilize resources to enhance
and build better data systems.
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APPENDIX
Figure 1. Prevalence of hypertension and overweight status by HIV status
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Table 1. Crude and adjusted log-binomial regression models: Number of clinic visits by HIV status,
2015-2016
HIV-Negative
HIV-Positive
(n=166540)
(n=5719)
Variable
PR (95% CI)
p
PR (95% CI)
p
Univariate
Population
Community resident
(ref)
(ref)
Trucker
<.001
0.91 (0.906-0.923)
1.04 (0.982-1.098)
0.186
Sex worker
<.001
1.02 (1.011-1.034)
1.08 (0.025-1.141)
0.004
Multivariable
Population
Community resident
(ref)
(ref)
Trucker
0.94 (0.926-0.948)
<.001
1.07 (1.002-1.149)
0.044
Sex worker
1.02 (1.006-1.032)
0.004
1.04 (0.970-1.105)
0.292
Demographics
Age
1.01 (1.006-1.007)
<.001
1.01 (1.007-1.013)
<.001
Men (ref=women)
0.95 (0.941-0.964)
<.001
0.91 (0.845-0.972)
0.006
Married/Co-habitating (ref= single)
0.95 (0.938-0.957)
<.001
0.89 (0.845-0.940)
<.001
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Table 2. Crude and adjusted negative binomial regression model: Multiple clinic utilization by HIV status,
2015-2016
HIV-Negative
HIV-Positive
(n=46899)
(n=1742)
Variable
PR (95% CI)
p
PR (95% CI)
p
Univariate
Population
Community resident
(ref)
(ref)
Trucker
4.92 (4.374-5.526)
<.001
4.80 (2.752-8.381)
<.001
Sex worker
2.12 (1.830-2.452)
<.001
1.17 (0.568-2.415)
0.668
Multivariable
Population
Community resident
(ref)
(ref)
Trucker
4.60 (3.908-5.403)
<.001
4.61 (2.088-10.177)
<.001
Sex worker
2.36 (1.977-2.815)
<.001
1.40 (0.599-3.251)
0.440
Demographics
Age
1.00 (0.999-1.008)
0.086
1.00 (0.974-1.023)
0.867
Men (ref=women)
1.08 (0.883-1.316)
0.461
0.83 (0.319-2.183)
0.712
Married/Co-habitating (ref= single)
1.12 (1.003-1.246)
0.044
2.04 (1.176-3.539)
0.011
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Table 3. Crude and adjusted log-binomial regression models: Cross-country services utilization by HIV
status, 2015-2016
HIV-Negative
HIV-Positive
(n=46899)
(n=1742)
Variable
PR (95% CI)
p
PR (95% CI)
p
Univariate
Population
Community resident
(ref)
(ref)
Trucker
6.74 (5.375-8.444) <.001
5.22 (2.375-11.474) <.001
Sex worker
1.17 (0.829-1.652)
0.372
0.72 (0.218-2.382)
0.592
Multivariable
Population
Community resident
(ref)
(ref)
Trucker
5.18 (3.818-7.032) <.001
4.09 (1.424-11.781)
0.009
Sex worker
2.06 (1.372-3.086) <.001
1.25 (0.312-5.039)
0.750
Demographics
Age
1.00 (0.990-1.006)
0.561
0.99 (0.957-1.027)
0.612
Men (ref=women)
1.26 (0.849-1.869)
0.251
1.05 (0.269-4.072)
0.948
Married/Co-habitating (ref= single)
3.11 (2.391-4.053) <.001
4.52 (1.729-11.808)
0.002
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